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FOREWORD

1. SCOPE OF MANUAL

This manual contains information for the installation, operation, and maintenance of the Communications System
Analyzer

2. PURPOSE AND USE

The Motorola Communications System Analyzer is a portable test instrument, designed specifically for the service
and monitoring of communications equipment. Its functions supersede those of a Service Monitor, expanding the fea-
tures and capabillities to the point wherein servicing is achieved with a single instrument, rather than a host of sepa-
rate equipment.

The R2001C is the standard Communications System Analyzer. The R2002C Analyzer, which contains the IEEE-
488 Standard interface control bus, is also available. Programming for the R2002C is covered in Section 21 of this
manual

The Analyzer improves a technician’s efficiency and accuracy and reduces servicing time.

The Communications System Analyzer performs the functions of signal generation, signal monitoring and the tests
normally associated with the devices listed below.

e Spectrum Analyzer

e Duplex Generator

e Modulation Oscilloscope

e Frequency Counter

e AC/DC Digital Voltmeter

e RF Wattmeter

e General Purpose Oscilloscope

e Multi-Mode Code Synthesizer

e Distortion/SINAD Meter

o Sweep Generator

The Analyzer meets the shock and vibration requirements of EIA test RS152B, the same specifications met by
Motorola mobile radios. This minimizes failure when the instrument is used in a mobile service van, and means it is
as tough as the radios it services.

The Communications System Analyzer is designed to be serviced quickly and easily, should a breakdown occur.

The majority of the circuitry is on twelve modular plug-in circuit boards which have built-in test points that aid in isolating
the problem to a specific board. Simple plug-in replacement gets the instrument back in service.



CAUTION

This equipment contains parts that are subject to damage by static electricity. Proper
precautions should be taken during handiing

WARNING
Lithium Battery
The processor module within this system utilizes a lithium battery as a memory keep-alive
voltage source. Do not mutilate or disassemble the battery cell. The lithium metal is a very
active material that bums in the presence of water or high humidity. Do not put the battery
in fire, attempt to charge, heat above 100°C, or solder directly to the cefl. Do not
overdischarge the cell to a reverse voltage greater than 3 volts. The battery may burst
and burn o release hazardous materials. See section 5-143 of this manual for battery
troubleshooting procedures and cautions

CAUTION
Lithium Battery
Lithium batteries are classified as hazardous materials and must be disposed of
accordingly. Do not dispose of the battery by placing itin with the everyday trash. Consult
state and local codes for the appropriate disposal procedure. Motorola will dispose of the
battery if the expended battery is returned in the replacement battery container and by
the same method that the new battery came to you, send to:  Motorola Inc., Retumn Goods
Department, 1313 East Aigonquin Road, Schaumburg, lll. 60196.

Figure 1-1

Communications System Analyzer
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Table 1-2. Electrical Characteristics (Cont)
SECTION 1

Characteristics Description

INTRODUCTION

2. Tris section 'sts *he physical, electrical and input/output characteristics of the Coummunications S
yzer shown in figure 1-1

‘Amplitude modulation

3 0 to 80% from 1 to 500 MHz
Accuracy: +10% of full scale from 0% to 50% AM
External/internal frequency range: 5Hz- 10 kHz (+1dB)
Modes:

Table 11 Physical Characteristics Internal, external, microphone o all simultaneously

I Double sideband suppressed
| Characteristics | Description carrier
! i Carier suppression: 525 4B (1 MHz - 500 MHz)
| Length | 20.75 inches (52.7 cm)
| With | 1575 inches (40.0 cm) Wootior Mode
Height 825 inches (21.0 cm) Frequency
Weight |48 pounds (21.9 kg) (Excludi.g Battery Pack) Range: 1 MHz 10 999.9999 MHz
4 Resolution: 00 MHz
Accuracy: Equal to that of master oscillator time base
Tavie 1-2.  Electrical Characteristics
Frequency error indicator Autoranging CRT display. 10 Hz resolution for frequency error
—_ . - measurements on 1.5 kHz, 5 kHz and 15 kHz full scale ranges.
Characteristics Description | +1 Hz resolution on the 50 Hz full scale range.
__Sional Genersior Mode | Input sensitivity 1.5 4V for 10 dB EIA Sinad (narrow band =6 kHz mod.
Frequency acceptance) 7 4V for 10 B EIA Sinad (wide band =100 kHz
5 10 kHz t0 999,9999 MHz mod. acceptance) 4 MHz to 1000 MHz. Useable to 1 MHz.
Resolution: 100 Hz
Accuracy: Equal to master oscillator time hase Spurious response —40 dB typical o
0dB image at + z
Output (into 50 ohms) ~10dB at L.O. harmonics =107 MHz
Attenuator: 16 dB variable plus 10 dB steps over 13 ranges
Range 01,V 101 Vrms (—127 dBm e ~ 13 dBm) Deviation Measurement
Accuracy: 2 ¢B accuracy on 0 dB step nttenuator range Range: 1,10, 100 kHz full scale
2 dB across other step attenuator ranges Accuracy: +5% of reading = 1005IBH:HM gg?( :1 d«: 50 kHz deviation;
1 48 over temperature range £10% of reading from 50 kHz to 75 kHz deviation
! Peak deviation limit alarm: Set via keyboard to 100 Hz resolution (0.1 kHz to 99.9 kHz).
Spectral purity Audible alarm indicates limit condition in all Monitor Modes. 00.0
purious < 4008 setting disables the alarm.
Harmonics: 1508
AM modulation measurement
Frequency modulation 5 Range: 010 100%
Range - 50 kHz peak ' J Accuracy: 5% of full scale
Accuracy 5% of full scale
FM residual noise 100 Hz | . RF Wattmeter
External/internal frequency range: SHz - 10KHZ (+1dB) | 1 (Autoranging display)
External input: Approximately 150 mV for 20 kHz deviation | il Frequency range: 1 MHz to 1000 MHz
Modes: Internal, external, microphone or all simultaneously 1 Power range: L!: :»ﬁ to 1"2(5 v:;t;ﬁ i
Accuracy: +10%, 1 watt to 125 watts
l Protection: Over temp indicator

I L
e

Table 1-2.  Electrical Characteristics (Cont) I Table 1-2.  Electrical Characteristics (Cont)

Characteristics [ Description Characteristics Descript
General T
ol . | oo Tone AT % uence
wo Tone
Dynamic range =75 dB displayed, —105 dBm to —30 dBm input range with -t 1% ?nnéyvso?:e Sequence
Frequency step attenuator E b Two user programmable
Range: 4 MHz t0 1,000 MHz ' ) (e flure 1:2 for sequsnce vk}
Full scale frequency dispersion: Adjustable between 1 MHz and 10 MHz [ 5/6 Tone Digit Frequencies ~ (See figure 1-3 for sequence timing)
‘ 0- 600 Hz
Duplex Generator ' J 1- 741Hz
Frequency offset Adjustable from 0 to 10 MHz plus fixed offset of 45 MHz (high or l g ‘ggg :;
Modulation level (FM only) Adjustable from 0 to 20 kHz peak deviation . - ; ' !;82 f
I
L 6-1446 Hz
Qeoilosoops 3 71567 Hz
size 8cm X 10cm J 8-1728Hz
Frequency response DC 10 0.5 MHz (3 dB point) [ 9-1869 Hz
External vertical input range 10 mV, 100 mV, 1V, 10V (per division) . R- 459Hz
Sweep rates 145,10 45, 0.1 ms, 1 ms 0.01S, 0.18 (per division) . J X-2010Hz
Sync Automatic, normal and delayed triggering. Delayed triggering is
programmable to 10 seconds in 1 ms steps and works in Mobile Telephone
conjunction with the code synthesizer. ' J IMTS (See figure 1-4 for sequence timing)
See “CAUTION" note on page 4-19 l MTS (See figure 1-5 for sequence timing)
2805 (See figure 1-6 for sequence timing)
Frequency Counter Select v Tone length-70ms o
Frequency range 10 Hz 10 35 MHz ' J 2ZVEl Digit Frequencies
1-1060 Hz
Readout: 5 digit, autor ] 2-1160 Hz
Input sensitivity: 30 mV from 10 Hz to 1 MHz ' J 3-1270Hz
50mV from 1 MHz to 35 MHz 4-1400 Hz
5.1530 Hz
Digital Voltmeter 6-1670Hz
' J 7-1830 Hz
Readout Auto ranging digital display, 1, 10, 100, 300 volts full scale. AC- 8-2000 Hz
dBm calibrated across 600 ohms. . 9.2200 Hz
DC accuracy: + 1% of full scale = 1 least significant digit ' 02400 Hz
AC accuracy: + 5% of full scale R- 2600 Hz
AC bandwidth: 50 Hz 10 10 kHz l
Modified ZVE! Tone length - 70 ms
Modulation Source igit F i
Code Synthesizer l o970k
Frequency range: 5 Hz 10 9.9999 kHz sinewave . ] 2mr
Resolution: H : ¥
Fieauency sccursy: { prd v
elortion l ] 6-1530 Hz
e 7-1670 Hz
) | 8-1830 Hz

bod

- .
-
i
8
&

4
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Table 1-2.  Electrical Characteristics (Cont)

Characteristics Description

CCIR (100 ms) Tone length - 100 ms.

81747 Hz
91860 Hz
0-1981 Hz
R-2110Hz
CCIR (70 ms) Tone length - 70 ms
Digit Frequencies

Same as CCIR (100 ms)

EEA Tone length - 40 ms
it Frequencies
Same as CCIR

Tone remote access
Tone A for 150 msec

Remote base access sequence as follows

Tone B for 40 msec 10 dB below Tone A
Tone A continuously 30 dB below the first Tone A burst

- o .
- . .

[ ]

Table 1-2.  Electrical Characteristics (Cont)

= g g g e

— e

Digital private fine (DPL) Codes 000 to 777 and inverted
Fixed 1 kHz
Accuracy: Equal to master time base
Distortion: 1%
External input i
[V e Standard RTM 4000A microphone interface with IDC.
External Jack
Frequency range: 5Hz 10 10 kHz
level: 7 vrms maximum
Impedance: 10K ohm nominal
Code synthesizer external output 0-3 vrms into a 600 ohm load
tevel
Distortion/SINAD Meter
Input Fr y: 1kHz + 1Hz
mmmelmw: 0.5V 0 10 Vrms
Sinad accuracy: 1B at 12 dB Sinad
Distortion Accuracy: +0.5% of Distortion for 1% < THD <10%

) 1T NGNS MESSAGE
w1 7%

+ 1% of Distortion for 10% <THD =20%

WTERCAL ost | wono | veo | rountw
‘Pack Tou | vow Towe

| smus-am | e | e | e | e | e |

TonE
w

e | o]l

45 1S VN ALLOWABLE (84 MS S RECTUMENDL
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Tout ot e | one
P PP B .
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Figure 1.3 5/6 Tone Squence Timing
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Charactenistcs Description ]
Manual Frequency Scan
Stop size Switch Selectable: 100 Hz. 1'kHz, 10 kHz, 100 kHz and 1 MHz
or—
Stop rate 5 steps/sec
) o Time Base
Standard TCXO Aging: =1 X 10- per year
Temp: = 1 X 10 - maximum error over the 0° to 55°C temp range
Optional ovenized high stability Aging: = 1% 10°© per year
Temp: =5 X 10~ maximum error over the 0° to 55°C temp range:
(warmup 1o +5 X 10~ of final frequency within 20 minues)
o Power and Environmental
A 100-130 VAC, 200-260 VAC 47-63 Hz
oc +115 VDC 1o + 16 VDC
Optional battery 13,6V battery - provides 1 hour continuous operation
range 0° 10 55°C operation. —40° to 85°C storage
TONE A
e .
YoM
04 08 13
SEC SEC SEC 1

TONE ONLY SEQUENCE

10 _] 30 13
"‘ sec T SEC SEC |
TONE AND VOICE SEQUENCE
8486-1
Figure 1-2. Two Tone (A/B) Sequence Timing
16
REMAINING
DIGITS
FIRST DIGIT I SECOND DIGIT I
S NO.2 NO.1 ™~
wo WU U ]
l——: st t 50 M5 50 S
9 Ms 300 Ms 300 M 2 SEC
sans

Charactenstic

Ext Mod in

Mic

Ext Horlz
Vert/SINAD/Dist/DVM/Counter In

RF In/Out

Ext Wattmeter

10 MHz std in (rear panel)

Figure 1-6. 2805 Sequence Timing

Table 1-3.  Input/Output Characteristics

Description

Input

:?:l( ©ohms nominal, 150 mV typical for 20 kHz dev. FM or 80%

Mic input provides bias and IDC limiting suitable for Motorola

RTM 9000A handset. PTT switches R2001 from monitor to

generate.

1 volt minimurm for full screen deflection. Maximum input 10 volts.

1 Meg ohm, 40 pf Nominal; =300 voits DC max, 300 Vrms max

at frequencies below 500 Hz, 10 Vims max up to 35 MHz

. Swpesveﬂm DC t0 500 KHz or 50 Hz to 500 kHz AC mode
(+308)

 Distortion/Sinad in: 0.5 to 10 Vrms in at 1 kHz

® DVMin: 1, 10,100 and 300V full scale AC (true RMS) or DC.
AC bandwidth 50 Hz to 10 kHz for = 5% F.S. accuracy (AC
dBm calibrated across 600 ohms)

 Frequency counter in: 30 mV or greater required from 10 Hz to
1 MHz, 50 Mv or greater required from 1 MHz to 35 MHz

50 ohms nominal, 125 watts max (11000 MHz)

CAUTION:

The RF In/Out Jack is protected against RF overioad. However, to
prevent undue stress on the protected circuits it is advisable 10
always switch the system to the power monitor mode before
applying power in excess of 200 mV. Additional protection is also
obtained by making it a practice not to leave the step attenuator
in the 0 dB position.

Characteristics suitable for Motorola ST-1200 series Wattmeter
Elements

10 MHz, imped; than
50 ohms.




Table 1-3.

Input/Output Characteristics (Cont)

Characteristic Description
Output )

Mod out Up to 11 vpp into 600 ohms 10 Hz to 10 kHz

Demod out Typically 3 vpp into 600 ohms for + 5 kHz deviation narrowband,
4 vpp for + 75 kHz deviation wideband. DC to 10 kHz response

RF in/out 1.0 Vrms (+ 13 dBm) to 0.1 xVrms (— 127 dBm) 50 ohm nominal
source impedance. 10 kHz to 1.0 GHz.

Duplex gen out — 30 dBm typical, 50 ohm nominal source impedance 2 MHz to 1

10 MHz std out (rear panel)

GHz
250 mV rms nominal output into 50 ohms




SECTION 2
DESCRIPTION

2-1. DESCRIPTION

2-2. The Communication System Analyzer is a portable test instrument designed for servicing and monitoring of
portable, mobile, and land base communications equipment operating over the frequency range of 1 MHz to 1 GHz.
The unit performs the functions of signal generation, frequency error and modulation measurement. It is also capable
of a variety of tests normally associated with the following devices:

® Spectrum analyzer

e Duplex offset generator

e Modulation oscilloscope

e Frequency counter

e AC/DC digital-analog voltmeter
e RF wattmeter

o General purpose oscilloscope
® Muiti-mode code synthesizer

e Distortion/SINAD meter

e Sweep generator

2-3 MICROPROCESSOR. A Motorola M-6800 series microprocessor permits keyboard entry of data, autoranging
of displays, fast frequency access, and permanent storage of often-used frequencies and codes. Generate and monitor
RF frequencies, tone codes, and timing sequences can be programmed into a nonvolatile memory, saving time and
eliminating entry errors. When one particular type of equipment is continuously serviced, the unit can be programmed
to select the mode of operation required when first turned on.

2-4. DISPLAY. All functions, generated or monitored, are presented on an 8 cm x 10 cm cathode ray tube (CRT)
in both analog and digital format, with the name of the function being displayed. The CRT also displays control settings
eliminating the need for operator search of different equipment panels. Digital readouts are visually aided by the use
of the continuously autoranging analog line segments, which are similar to a bar graph. Each has a base line and
calibration markers, in addition to the intensified segment showing the measurement. The user selectable displays
are listed in a column beneath the DISPLAY heading on the front panel. Choosing a display is accomplished by pressing
an arrow button below the column, for up or down movement, as required. When the appropriate arrow is pressed,
the LED adjacent to the selected display illuminates. FUNCTION is selected in the same way, providing rapid, accurate
changes in service capability at the touch of a button.

2-5. SYSTEM WARNINGS. To aid the technician in servicing, visual warnings will appear on the CRT when certain
overload or caution conditions exist. Displays warn of low battery power, overheating of the RF load, or an improper
attenuator setting for particular measurements. In addition, a continuous audible alarm sounds when a preset deviation
limit is exceeded in monitor modes. This limit is entered by using the keyboard and may be programmed from 0.1 KHz
to 99.9 kHz, with 100 Hz resolution.



2-23. Power Supply. mcammucanonsSysmAnalyzumybemmnyavanaydmms.

® ACat 110 or 220 Voits, 50, 60 Hz

®  DC from an external 12 Volt source such as a service vehicle

. zcc :1:;" an optional battery pack. Servicing can thus be accomplished wherever the equipment under test is
ated.

2-24. ACCESSORIES.

2:25. Figure 2-1 ilustrates and Table 2-1 lists the accessories supplied with the Communication System Analyzer.

Optional equipment available for use with the unit s listed in Table 2-2

Figure 2-1

Accessories Supplied with Analyzer
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Table 2.1 Supplied with the C: Systems Analyzer
Motorola Part No. Use
Front cover 15.80335A70 Front panel and CRT protection, storage of cables,
power cord, and other equipment for on-site servicing
Sun shade 15.80335A55 Snap over CRT during use in bright sunlight
Power cord 30-80336A36 Three conductor cord to supply AC power to unit. Also
used when charging optional battery pack
Oscilloscope probe RTL-4058A A X1 probe with attachments for general servicing
In-fine wattmeter adapter RTL40558 Allows use of Motorola ST-1200 series in-iine wattme-
ter elements for direct measurement and dispiay of for-
ward and reflected transmitted power.
Coax adapter 58-84300A98 Adapts front panel “N'’ connector to BNG female
Antenna TEKA-24A Plugs into RF in/out connector on front panel, with N to
BNC adapter. Used for off-the-air transmitter and
receiver tests.
Test microphone RTM.4000A Used for voice modulation of signals
Connector kit RPX-4097A Consists of connector shell, clamp, and four connector
pins. Used o fabricate a mating plug for male dc
power connector at back of analyzer. Enables user to
make a dc power cable to interconnect separate
power source to analyzer. Pins 1 and 2 are positive, pin
3is the charging line, pin 4 is ground.
Table 2-2. Optional Equipment for Use with Analyzer
Equipment Motorola Part No. Use
IEEE-488 Standard interface | Consult factory for | Enabies fuly automatic testing with the unit by external
bus option retrofit information. control from a computer or programmabie controlier.
Battery pack RTP-1002A 13.6 voit battery and charger attaches (o back of the
unit. Provides one hour of continuous operation. Can-
not be used with IEEE-488 option
High-stability oscillator RTL-1007A Improves stabilty of the time base as specified in elec-
trical characteristics section.
Protective cover RTL-4056A Padded fabric type cover to protect unit from exces-
sive field wear.
25



SECTION 3
INSTALLATION

3-1. PACKING INFORMATION
3-2. The unit is packaged in a fiberboard carton and protected by foam pieces as shown in figure 3-1. The unit is

first packed in a cardboard container and then this carton is packed in a second, larger cardboard container, for fur-
ther protection. Save the packing container and materials for future use.

Figure 3-1.  Typical Communication System Analyzer Packaging

3-3. Al accessories supplied with the analyzer are packed in the analyzer cover.
3-4. INITIAL SETUP

3-5. ANALYZER. To set up the Analyzer for use, place the unit on workbench or in mobile repair unit. Remove the
front cover by operating the two latches on the bottom of the cover. Lift the cover and slide it to the side to separate
the hinges. Remove the power cord (AC or DC) that is stored in the cover. Attach the female connector of the power
cord to the appropriate connector on the rear panel of the analyzer, and the other end to the power source. For AC
power a grounded 3 wire power source of 100-130 Vac or 200-260 Vac, 47-63 Hz must be used.



NOTE

The unit is set for 110-130 Vac operation from the factory. For operation from 100-110 Vac
or 200-260 Vac, the voltage selection card must be readjusted before connection to the
power source. This is accomplished by the following procedure:

1. Remove the power cord from the rear panel connector.

2. Slide the selector card cover door over the connector area exposing the selection card and fuse area.
3. Pull outward on the fuse ejector tab and remove fuse,

4. Remove the printed circuit board voltage selector card by pulling straight to the rear.

5. Reinsert the card at the orientation which causes the appropriate voltage range (marked on card) to be
displayed.

6. Install the proper fuse (1.5A for 100-130 VAC, 0.75A for 200-260 VAC).
7. Slide the cover plate back to the original position, connect power cord, and proceed with system operation.

Remove the accessories to be used from the cover Move the POWER switch to the ON position. When the Oven
Ready indicator illuminates the unit's frequency standard is stabilized and the unit is ready for use, (instantaneous
with standard TCXO).

CAUTION
When installing the analyzer in a vehicle, the DC supply line should be fused close to the
vehicle battery. The analyzer is protected against overload by the DC-8A fuse on the rear
of the unit, but the vehicle is not protected.

3-6. BATTERY PACK. The battery pack is attached to the rear of the analyzer with two clips and two screws.
Align and slide the mounting clips of the battery pack into the slots on the mounting brackets on the left side of the
back panel of the analyzer. Align the captive screws with the mounting holes on the right of the panel and tighten.
Connect the power plug to the connector at the top right of the rear panel.

3.2



SECTION 4
OPERATION

4-1. GENERAL
4.2, This section contains information for the operation of the Communication System Analyzer.
4-3. CONTROLS, INDICATORS, AND CONNECTORS

4-4. The analyzer controls, indicators, and connectors are shown in Figures 4-1 through 4-3 and listed with their
functions in Table 4-1.

Table 4-1. Controls, Indicators, and Connectors

Item Description Function

FRONT PANEL (fig. 4-1)

Keyboard Twelve-key pushbutton Enters variables into memory/enters manual variables/
keyboard selects variables to be used from the memory.
Line cursor key Moves the cursor down to the next line that may be

changed. Preset permanent entries are skipped.
Cursor will move down only. When on last line, will
return to top line with next entry.

Horizontal cursor key Moves the horizontal cursor left to the next entry
position that may be changed. When in the last left
position, the cursor will move to the far right with the
next entry.

0 through 9 Numerical keys Used to select from the memory a stored value to be
used, or to enter directly a value to be used.

® Intensity Stacked concentric

e Focus potentiometers

® Intensity - center Controls the intensity of the scope presentation.
(small) knob

e Focus - outside (large) | Controls the focus of the scope presentation.
knob

Dispr/Sweep control Potentiometer Controls the frequency span (1-10 MHz) displayed on
the CRT when unit is used as a spectrum analyzer.
Provides sweep width control when either sweep
function (SWP 0.01-1 MHz or SWP 1-10 MHz) is
selected.
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Table 4-1. Controls, Indicators, and Connectors (Cont)

Item

Description

Function

FRONT PANEL (fig. 4-1)

RF Scan (Hz/Sec)
switch

POWER switch

Batt indicator

AC indicator

Oven Ready indicator

DISPLAY indicators

Eleven position switch

Three-position toggle
switch

LED (red)

LED (red)

LED (req)

Twelve LEDs (red)

Allows automatic scan of the generated or the
monitored frequency. The switch setting indicates rate
of frequency change. The rate is 5 steps per second.
with steps of 100 Hz, 1 kiz, 10 kHz, 100
kHz and 1 MHz

a. Energizes all circuitry in the On position
b. At Standby position, removes DC from all

circuitry except the frequency standard and
battery charger.

. At Off, only the battery charging circuitry is
operative if an ac power source is being used

lluminates when equipment is using DC power.

lluminates when equipment is connected to an ac
power source. Position of POWER switch has o effect |
on indicator. Equipment automatically switches 10 ac
power source when connected to ac fine voltage
lluminates when optional frequency standard oven has |
stabilized. Continuously illuminated with the TCXO |
frequency standard

lluminate one at a time to indicate the function or type

of operation the equipment is performing and the

information displayed on the CRT. ‘

a. Gen/Mon Mtr — In the generate mode the center |

frequency, output power, and modulation depth |
of the RF output is displayed. In the monitor |
mode the center frequency. input power, |
frequency error, and modulation depth of the
received carrier is displayed

b. Modulation — The moduiation 8udio in the
generate mode o the demodulated audio in the
monitor mode is displayed. |

°

Spect Analyzer — The spectrum analyzer mode |
is enabled. The RF spectrum and the operating
center frequency is displayed

Figure 42 Controls, Indicators, and Connectors, Left Side Panel

Figure 43 Controls, Indicators, and Connectors, Rear Panel
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Table 4-1. Controls, Indicators, and Connectors (Cont)

Description Function

FRONT PANEL (fig. 4-1) |

d. Duplex Gen — The duplex generate and monitor
frequencies are displayed. The depth of
modulation on the generator output or on the
received carrier is indicated for the generate and
monitor modes respectively. For this display, the
function switch only selects which modulation
reading is displayed

e. RF Memory — The nine stored RF frequencies or
DPL codes with their corresponding PL and the
current frequency in use are displayed

Tone Memory — The user selectable parameters
for the code synthesizer are displayed.

g. Freq Counter — The frequency of the signal input
to the front panel frequency counter jack is
displayed.

h. DVM/Dist — The true RMS AC or DC level of the
signal at the front panel DVM jack is displayed
The AC or DC mode s selected with the display
cursor and the keyboard, The battery vottage is
also displayed.

Ext Wattmeter — The external wattmeter element
selected and the forward and refiected power
being passed thru that element are displayed. The
element select is changed by entering the
appropriate range number with the keyboard

j. IF — The 455 kHz IF signal from the monitor
receiver is displayed.

K. Scope AC — The voitage waveform applied to
the front panel vertical input s displayed. The
vertical input is AC coupled.

1. Scope DC — The voltage waveform appiied to
the front panel vertical input is displayed. The
vertical input is DC coupled

‘Three-position toggle Controls the function of the equipment. The mode is
switch shown by the LEDS.

a. Gen - equipment generates and outputs an RF
signal.

45



Table 4-1. Controls, Indicators, and Connectors (Cont)

item

Description

Function

FRONT PANEL (fig. 4-1)

FUNCTION indicators

Six LEDs (red)

MODULATION SWITCH | Three position toggle

switch

monitors input signals with
the input terminated into the internal power
meter. This position must be used for inputs of
0.2 watts and greater.

. Monitor - equipment monitors input signals with
the input terminated into the receive mixer. This.
position is used for *off the air” monitoring.

Indicates the mode ortype of signal the equipment is
set up to monitor or generate:

a. FM - equipment generates or monitors frequency
modulated signals.

b. CW - equipment generates an unmodulated RF
signal. Monitor CW provides frequency error
measurement only.

¢. AM - equipment generates or monitors amplitude
modulated signals.

d. SSB/DSBSC - equipment generates a double
Suj carner signai
NOTE: The level of the DSBSC signal generated |
is not calibrated, it is for use in relative |
measurements only. Monitor SSB mode receives.
S8 signals with the use of the BFO.

@ SWP 1-10 MHz - equipment generates a swept
RF signal having a sweep width of 110 10 MHz.,
controlled by the Dispr/Sweep control. Selection
of Monitor Sweep has no effect. equipment
remains in generate mode.

SWP 0.01-1 MHz - equipment performs as in e
above except the sweep width limits are 0.01
MHZ 10 1 MHz.

Controls the Code Synthesizer modulation source.
Code Synthesizer mode is shown by the LED.

a. Cont - Continuous modulation signal output.
b Off - Tuns off signal. When the mode is DPL or

DPL Inv, returning the switch to Off from Cont
produces a 133 Hz tone burst for a 120 ms

duration
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Table 4-1. Controls, Indicators, and Connectors (Cont)

Description

Function

FRONT PANEL (fig. 4-1)

DISPLAY select
switches

FUNCTION select
switches

Code Synth Mode select

switches

Code Synth Lvi control

Ext Level control

Mic connector

Ext Mod in connector

1 kHz Level control

Mod Out connector

Volume control

BW switeh

Potentiometer

Potentiometer switch

4-pin connector

BNC connector

Potentiometer/switch

BNC connector

Two-pushbutton switches

Two-pushbutton switches

Two-pushbutton switches

Tone A and B frequencies are entered from the
keyboard on the Tone Memory Display.

Selects the function to be displayed by the equipment,
as indicated by the DISPLAY LEDs.

a. & -moves the selection up one step at a time
b. v - moves the selection down one step at a time

Selects the type or mode of signal the equipment will
generate or monitor as indicated by the FUNCTION
LEDs. Operation is the same as for the DISPLAY
select switches.

Selects the Code Synthesizer output mode as
indicated by the CODE SYNTH MODE LEDs.
Operation is the same as for the DISPLAY select
switches.

Controls the level of Code Synthesizer for modulation
©or MOD Output.

Controls modulation leve of external input (microphone
and other external generators). Switch at full
counterclockwise position disables external
modulation inputs.

Microphone Provides microphone bias and
PUSH TO TALK (GENERATE) connection to
‘equipment.

External modulation signal input.
Internal 1 kHz tone modulation level control. Switch at

full counterclockwise position disables 1 kHz
modulation tone.

Output connector for all modulation signals (all signals.
combined).

Control ker output level

Two-position switch

In either Pwr Mon or Monitor modes selects IF
bandwidth. NB is + 6 kHz mod acceptance bandwidth,
WB s + 100 kHz mod acceptance bandwidth. In Gen
FM mode selects modulation range. 0-25 kHz dev in

e Y e e e e e e e e e e e e e e e s —

Table 4-1. Controls, Indicators, and Connectors (Cont)

ltem

Description

Function

FRONT PANEL (fig. 4-1)

CODE SYNTH Mode
indicators

Six LEDS (red)

c. Burst - For PL. tone A, and tone B modes the
output is present for as long as the switch is held
in the burst position. For the Tone Sequence
mode the burst position causes a single signaling
sequence to be output. For the DPL and DPL Inv
modes the Burst position causes a 133 Hz tone
10 be output. For the Tone Remote mode either
the Burst or the Cont position causes a tone
remote access sequence to be output. The
access sequence leaves tone A at a low level for
transmit-type commands until the switch is
returned to the Off position, This switch is spring
Ioaded to return to the Off position from the Burst
position

When iluminated, indicates the selected mode of the
Code Synthesizer

a. PL/DPL Indicator
PL - Selected Private Line frequency output to 1
kHz
DPL - Selected Digital Private Line code output
Maximum code number is 777.

o

PL/DPL Inv indicator

PL - Same as above

DPL - Inverted output of selected Digital Private
Line code. Maximum code number is 777

The Private Line frequency or the Digital Private Line
code is selected from the RF memory display or
entered from the keyboard on the Gen Mon Mtr
display.

c. Tone A indicator
Indicates Tone A selected for output

d. Tone B indicator
Indicates Tone B selected for output

e. Tone Sequence indicator
Indicates a tone signaling sequence will be
output. The sequence is selectabie on the Tone
Memory Display. See Tone Memory Table
examples,Figures 4-9, 4-10, 4-11 and 4-12

1 Iona Remote indicator
accsss sequerce for Motorola
Repealer will be output
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Table 4-1. Controls, Indicators, and Connectors (Cont)

T

Function

BFO control

Sig Lv/Zoro Beat
i

Squeich control

FRONT PANEL (fig. 4-1)

Potentiometer/switch

LED (red)

Potentiometer

switch

Demod Out connector

Oscilloscope Honz
switch

Honz Vernier control

Ext Honz

Trig Level

Two-position swit

BNC connector
Sovon position rotary
switch

Potentiometer

BNC connector

BFO on/off and beat frequency control for sideband
reception. Full Counterclockwise position is off

NOTE: To minimize interference the BFO should be
tumned off when not in use.

Flashes at a rate equal to the difference between the
received carrier frequency and the programmed
frequency. Also is used as a squeich indicator.

Adjusts squelch threshold level, full counterciockwise
position disables squeich

NOTE: Monitor sensitivity is greatly decreased (for
high-level use) as the control is increased clockwise
beyond the quieting point.

In duplex generation mode, controls the duplex
frequency output for above (High) or below (Low) the
receive programmed frequency. In the monitor mode it
selects the frequency of the local oscillator injection
above or below the programmed monitor frequency to
remove image interference.

Receiver audio output.

When in the oscilloscope mode, selects the horizontal
sweep rate or selects the external horizontal input.

Horizontal sweep rate Vernier or external horizontal
input gain Vernier. Calibrated position s fully ciockwise

Allows external horizontal inputs for oscilloscope.

potentiometer and switch
See “CAUTION" note
on page 4-19

* Honz

NB mode or 0-100 kHz dev in WB mode

BN BN BN BN BN BN BN BN BN BN BN BN BN BN O = =)
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elect: trigger level and trigger mode
Center knob selects the level of trigger. Outside
(largest) knob controls the trigger mode. In Auto
position, continuous sweep with no vertical input
signal, syncs on vertical input. Normal position. no
sweep unless vertical input is present, syncs on
vertical input.

Controls the position of the CRT display, when in the
‘oscilloscope mode.

Controls. ion of the CRT display

Controls. 1 position of the CRT display
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Table 4-1. Controls, Indicators, and Connectors (Cont)

Item Description Function

FRONT PANEL (fig. 4-1)

Vert switch Four-position rotary switch | Oscilloscope operation uses values marked to the right
of the switch, indicating volts per division on the CRT,
Values marked to the left of the switch are used during
modulation display mode, indicating range for
calibrated FM deviation.

NOTE: Frequency Counter sensitivity is also
controlled by this switch.
Vert Vernier control Potentiometer Vernier gain control for vertical inputs to the CRT when
in the oscilloscope mode. Fully clockwise is the
calibrated position.

Vert/Sinad/DVM/Dist/
Counter In Connector

BNC connector Signal input 1o the equipment for the following

operations:
a. Extemal vertical for oscilloscope operation
b. Distortion/SINAD Meter
¢. Frequency Counter
d. Digital Voltmeter

RF in/out connector Type N connector RF input in the power monitor or monitor mode, RF
output in the generate mode

RF Level Variable Potentiometer Vernier control of R output level. Exceeding the AM

control imit marking in AM generation mode may result in a

distorted output.

RF Level Step Switch 14-position ganged atten Ten dB per step control of RF output level in generate

and switch mode. Also serves as RF input level step attenuator in
monitor and spectrum analyzer modes.

Ext Wattmeter Connector Allows input from Motorola ST-1200 series inline
wattmeter elements for measurement and CRT display
of forward and reflected transmitted power.

Freq Set controis Stacked concentric Controls the duplex generator output frequency in the

potentiometers Duplex Generation mode.
® Coarse | Inside (small) control knob | Coarse frequency control
® Fine Outside (large) control Fine frequency control.
Kknob
410

4-5. OPERATION

4-6. The operator may use the CRT display to become famillar with the functions the Communication System Ana.
yzer is capable of performing. The unit may be preset to any of the functions the unit performs. As a function and its
are selected they are displ: the CRT

The unit contains a nonvolatile memory that stores frequently used data for fast access. reducing setup time. A
% . Asa
function is selected, if data for that function is stored. the data is displayed on the CRT. and

One of the stored be used or the user may ly Y. required
for the function. Selection of stored data or keyboard entry of data is cursor controlied. As a control is changed the
CRT display changes to reflect the new parameter bewng used for function being performed

4-7. CALIBRATE. The C System Analyzer may 10 WWV or other stan.
dards (figure 4-4). To calibrate the unit's time base (frequency standard) proceed as follows:

a. Connect antenna to RF In/Out connector

b. Set FUNCTION switch to Monitor and DISPLAY to Gen/Mon Mir.

c. Enter frequency of standards y ¥

d. Select AM function.

€. Using a tuning tool, adjust time base frequency ide of CRT frequency

left s
error display indicates less than 5 Hz error Frequency settability to 0.5 part per millon can thus be achieved
using a 10 MHz trequency standard station
NOTE
The time base output is also available on the rear panel for external measurement o lab-
oratory calibration to better than the 0 5 ppm achievable with the above method.
NOTE
An external time base input s also provided on the rear panel.

72001 FUNCTION —a] ke FREQUENCY

RF IN/OUT
IN/OY ANALOG
INDICATOR
0F CARHIER  —an]

R

| CARRIER
ERROR

NEG M —] e POS ¢ AM

ANALOG INDICATOR
OF 5 AM

Figure 4-4.  System Analyzer Time Base Calibrate Test Setup and CRT Display
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Table 4-1. Controls. Indicators. and Connectors

Item [ Description Function
FRONT PANEL (fig. 4-1)
sot Three-position switch Selects the offset of the transmitted frequency from
(0-10 MHZ/OMN/45 MHz) the selected receive frequency (Image/Dpix switch
determines side of selected frequency the offset wil
be). 0-10 MHz position allows frequency offset to be
varied between 0-10 MHz. In the 45 MHz position the
offset is variable over a small range around 45 MHz
with the use of the Fine frequency control.
Output connector BNC connector Output connector for duplex generator output.
SIDE PANEL (fig. 4-2)
Froquency Standard | Potentiometer Allows calibration of the time base frequency (freq std)
control
REAR PANEL (fig. 4-3)
DC 8A Une fuseholder (8 amp) | DC input line fuseholder

DC IN power connector | 4-pin connector Connects to DC prime power source

|
|

AC power connector 3-pin connector Connects to AC prime power source. Internally ‘
patched to accommodate eitner 100-110VAC. 110 |
130 VAC. 200-220 VAC or 220-260 VAC. ‘

AC15A Line tusehoider AC line fusehoider. Use a 1.5A fuse when input voltage
is between 100-130 VAC and a 0.75A fuse when input
voltage is between 200-260 VAC.

10 MHz std IN BNC connector Provides for external 10 MHz time base input.

connector Equipment automatically switches to external time
base with an input at this connector.

10 MHz std OUT BNC connector Provides an output of the interal or external 10 MHz

connector time base for extemal use.

488 BUS connector Placement of /0 connector when IEEE-488 Interface
Bus option is provided.

Blower power connector | 4-pin connector Provides 110 VAC 1o the cooling fan. |

4an

48 . Thessy RF for FM, AM, CW, SSB, and DSBSC typos
of transmission covering a range of 10 kHz to 1000 MHz. To generate a signal the FUNCTION switch is placed in the
Gen position

NOTE
An RF protection circult to protect against damage due o inadvertent application of RF
power 10 the unit, when in a generate or sensitive monitor mode, is functional over the full
monitor frequency range of the equipment (2 to 1000 MHz).
The type of signal is selected using the FUNCTION select LED indicator column. The unit can deliver an output of up
101 volt into 50 OhmsWhen in the AM generate mode the variable control (located in the RF SECTION on the front
‘panel) shoukd not be set above the AM kmit mark. Exceeding this may cause distortion in the output.

NOTE
The RF protect circult may trip if generator is run at full power output without having a 50-
ohm load connected.

49, DUPLEX in the duplex the offset frequency can be set to either
45 MHz or 0 10 10 MHz (adjustable). The Ix switch sets the offset frequency above (high) or below (low) the
monitored offsot s in the 0 to 10 MHZ range. the control range may include a foldback region. If the

generator is operated i this foldback area erroneous frequency output indications can be given. Avoid areas where
backward indication or a jittenng display of the offset are incurred. The following is an example of the duplex
generator being used to setup repoater levels (Figure 4-5).

Connect DUPLEX GEN output o repeater receiver antenna input and repeater transmitter signal sampie to RF
In/Out connector The Duplex Gen Output levelis fixed at —30 d8 nominal.

4

Set FUNCTION switch to Gen and DISPLAY to Duplex Gen.

o

Select Duplex Monitor frequency (repeater transmit frequency) from memory table o enter directly from key
board

a

Set DUPLEX GENERATOR frequency to repeater receiver frequency.

Adjust PL and test tone deviation to desired level on display.

Set FUNCTION switch 1o Monitor and measure the deviation of the repeated signal

NOTE

Switch function to power monitor and connect repeater transmitter (under 125 watts)
directly to the RF In/Out connector to read power and frequency error. as well.
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Figure 4-5. Duplex Generation Test Setup and CRT Display

4-10. FREQUENCY COUNTER. The frequency counter measures inputs in a range from 10 Hz to 35 MHz, The
input to the frequency counter is through the Vert/Sinad/Dist/DVM/Counter in, BNC connector (located in the OSCIL.
LOSCOPE section of the front panei). The counter sensitivity is controlled by the scope Vert switch. The following
shows the minimum sensitivity for each switch setting

Switch sett ng SenSIHVI'!
0.01 50 my RMS
01 500 mV RMS
1.0 5VRMS
100 50V RMS

The autorange output of the counter is displayed on the CRT to a resolution of 0.1 Hz or 5 digits.

411,

NOTE

Do not connect transmitter directly to the frequency counter input. Instead use the RF In/
Out connector and the frequency error meter for transmitter frequency measurements.

SPECTRUM ANALYZER. Input to the spectrum analyzer is through the RF In/Out connector. Select the

spectrum analyzer position on the DISPLAY column Place the FUNCTION switch in the monitor position. Select the

desired width of sweep by the Dispr/Sweep control. The center frequency is selected from the

or entered

directly from the keyboard, it is cisplayed at the top-right of the CRT. The following is an example of k
locating th
frequency of an incoming signal with the spectrum analyzer (Figure 4.6). " e o e

®

o

o

a

o

Connect antenna to RF IN/OUT connector

Set FUNCTION switch to Mon. and DISPLAY to Spect. Analyzer.

Select center frequency from memory table or enter directly from keyboard.

Adjust Disp/Sweep control for desired spectrum span

Adjust Step attenuator if required to reduce sensitivity.

To determine whether a given displayed signal is vaiid or being internally generated, lip the Image/Dpix switch

to the apposite position. If signal moves in frequency or disappears, it then/represents an internally generated
Spurious response or received image

NOTE
High-powered equipment in the 1-30 MHz range, which has unusually fast carrier rise
times, may damage the system analyzer with repeated activation of the protect ircuit.
Ensure the FUNCTION switch is in the Pwr Mon position (this enables the protect circuit)
before RF power is applied to the equipment

In the monitor mode the CRT displays the type of signal being monitored, the selected frequency. power. error of the
received frequency. and the modulation level

413,

EXT WATTMETER. When the analyzer DISPLAY is set to the Ext Wattmeter mode and the Motorola RTL-

40558 in-line wattmeter adapter (supplied) is connected to the Ext Wattmeter jack the analyzer measures both forward

and

reflected power. The power rating of the wattmeter elements (Motorola ST-1200 series”). to be used are displayed

on the CRT. The following is an example of a test setup for external wattmeter operation. Figure 4-7 shows the test
set connections and CRT display.

»

o

o

a

o

Select the EXT Wattmeter function by means of the arrow keys located below the DISPLAY column
Plug the connector of the RTL-40558 In-Line Wattmeter adapter into the “Ext-Wattmeter ' jack located on the
RF SECTION of the front panel.
Using the keyboard; enter the single digit which corresponds to the full scale power rating of the ST-1200 series
element you plan to use
Place the ST-1200 element in the In-Line Wattmeter adapter and install element adapter assembly into
transmission line.
NOTE
Arrow on In-Line Wattmeter Adapter must point i the forward direction of the desired rf
power flow through the adapter
Key transmitter and observe magnitudes of forward and reflected power as displayed simultaneously on the 2
analog meter bars and corresponding digital readouts
[ NN —af gae varnenes
ExT Pt g WATT METER ELEMENTS
WATT METER P I TABLE
WDICATION
OF FORWARD W b FowWaRD POWER
owes ] READING
ANALOG 0.¢ | BEFLECTED POWER
INDICATION ] T ehove
OF REFLECTED
RFT0 RF FROM Enen
ANTENNA TRANSMITTER s
Figure 4.7 Wattmeter Test Setup and CRT Display

“Contact your Motorola Parts Source for ordering separately.
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1

Adjust

SIMULTANEOUS AND
displays are exampies of simultaneous generating and measurement operations.

Use the RF Scan control to move desired signal to center of the screen. If the signal is located to the right of
screen center line, move the RF Scan control clockwise into one of five positive stepping modes. If the signal
i 10 the left of screen center line, turn the RF Scan control counter clockwise to one of five negative stepping
modes.

for 1 MHz spectrum span.

Again use RF Scan to recentor signal on screen.
Sot DISPLAY 1o Gen/Mon Mtr.

Now adjust the RF scan control to minimize any existing frequency error between the incoming signal and the
Monitor

The frequency indicated at the top of the screen is now that of the desired incoming signal. It can also be mon-
Hored for call signs, etc.

NOTE
The spectrum analyzer is functional but uncalibrated for level measurements in Power
Monitor mode for transmitter testing with the built-in 125 watt 50 ohm load. (Observe “RF
LOAD OVERTEMP" warning for high power levels or extended periods of use.)

o centen
FREQUENCY

CENTER FREC ) 466,920 mm

RFIN/OUT

Figure 4-6. Spectrum Test Setup and CRT Display

4-12. MONITOR. The analyzer is capable of monitoring the same frequencies that it generates (para 4-9). Select
Gen/Mon Mt in the DISPLAY colum and the modulation type in the FUNCTION column. Set the FUNCTION switch
1o the Monitor position for small signal samples or off the air monitoring. For high power signal monitoring (0.2w to
125w), set the FUNCTION switch to Pwr Mon.

CAUTION

To prevent pr switch the sys-
tem 10 the power monitor mode before applying power in excess of 200 mw. Additional
protection is aiso obtained by making it a practice not to leave the step attenuator in the
0dB position

The following test setups and CRT

& FM Mobile radio setup for receiver sensitivity using Generator and SINAD meter (Figure 4-8).

Connect RF In/Out mobile radio antenna connector and mutipurpose measurement (SINAD) input to
receiver audio output

1

2

3

5.

6.

— E Wm W WE W W hw N R B m e e W S = e
O D D S D S G S G S G (G PGS S GHD S G G Sy GRS S W U

2 Set FUNCTION switch to Gen. and DISPLAY switch to Gen/Mon Mtr.
3 Select frequency from RF memory table or enter directly from keyboard.
4 Adjust 1 kHz level for 3.0 kHz deviation and RF level for 12 B SINAD indication. (The mobile radio audio
output may be set to the desired level using the DVM AC mode.)
5. Read receiver SINAD sensitivity in microvolts or dBm.
W00t
GEMERATE Fn @) 430.0000 WWZ [ FREUENCY
FUNCTIoN, "HD Hooo a0 - o opL CODE
VERT/SINAD/DIST *r eve RF OUTPUT
b ITAL OIST R Hars
AFWOUT  DVWCOUNTER W | DITAL OIS 1ne v 6.0 0en  fa FEOV
1 PCT DIST/SINAD -44.0 8 Lo DIGITAL SINAD
- st Lo TR LA
NEG DEVIATION —am{ LKL 45,80 | POS DEVIATION
0 710 [ ANALOG
DEVIATION
INDICATOR
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Figure 4.8, Test Setup for FM Receiver Sensitivity Using Generator and SINAD Meter with CRT Display

b. Test two-tone pager decode and alert function, and demonstrate simultaneous modulation (Figure 4-9)

Set FUNCTION switch 1o Gen and DISPLAY to Gen/Mon Mtr.

Select pager Irequency from RF memory table or enter directly from keyboard.

Set the DISPLAY to Tone Memory and enter the A/8 mode number in the mode select position from the
keyboard. For an A/B sequence the mode number is 1. The stored information for the A/B sequence 15
then automatically displayed on the lower part of the display.

Enter the number of the desired two-tone sequence in the sequence seiect position from the keyboard

NOTE
Timing sequences 1 and 2 are preset and cannot be changed. Sequences 3 and 4 are
keyboard programmable for testing other pager types, upper and lower timing limits, or
future schemes.
Enter the pager code Tone A and Tone B Frequencies from the keyboard.

Set the DISPLAY to Gen/Mon Mtr, the code synthesizer mode to tone A o tone B, and the MODULATION
switch to Cont

417



7. Adjust the Code Synth Lyl control for the desired level of modulation.

8. Set the Code Synth Mode to Signal Sequence and the MODULATION switch as desired to activate the
pager under test.

9. The scope trigger delay setting at the bottom of the Tone Memory Display can be entered as necessary to
delay the triggering of the oscilloscope horizontal sweep from the start of the tone sequence. This feature
aids in troubleshooting tone decoders with the system

MIKE
2001 voag etrezt ACZE SEL. @ fea— MODE SELECT ENTRY
e, ot TEC L MODE MENU
RE IN/OUT Lol SELECTED _f ¢ yeovence sec Seus @ e— SEQUENCE SELECT ENTRY
g R A, W38 ke b zeses Wz fa— TONE A AND TONE B FREQ

Y seey
PREPROGRAMMED SEQ g ;E"'!"
USRE PROGRAMABLE SEQ H

f=— TRIGGER DELAY ENTRY

852126

Figure 4-9.  Test Setup for Two-Tone Pager and Alert Functions with CRT Display

Test 5/6 Tone Pager decode and alert function (Figure 4-10).

1

Set FUNCTION switch to Gen and DISPLAY to Gern/Mon Mtr.

2. Select pager frequency from RF memory table or enter directly from the keyboard.

3. Set the DISPLAY to Tone Memory and enter the 5/6 tone mode number in the mode select position from
the ksyboard For a 5/6 tone sequence the mode number is 2. The stored information for the 5/6 tone
seq the lower part of the display.

4. Select either a 5-tone or a 6-tone sequence by entering a 1 or 2 in the sequence select position from the
keyboard.

5. Enter the desired CAP code from the keyboard

6. Set the DISPLAY to Gen/Mon Mr the Code Synth Mode to Tone Seq, and the MODULATION switch to
Cont.

7. Adjust the Code Synth Lvi control for the desired level of modulation.

8. Connect the pager as shown in Figure 4-10 and set the MODULATION switch as desired to activate the
|pager under test.

9. Enmmescopemgqevwzyse«-\ganmmunmadm'rmememoryo-swayasneeessary to delay the

1o the start of the tone
‘@ecoder with the oscilloscope.
4.18
R2001
wone st 8 le— MODE SELECT ENTRY
-4 R o wooE W
ot RF INOUT MODE e SEQUENCE SELECT ENTRY
seLEcTeD | == TONE 1 AND TONE 2 FREQ ENTRY

|~ TELEPHONE NUMBER (1-7 DIGITS)
|aa= SEQUENCE MENU

s
scone 1AL

Figure 4-11. Test Setup for Mobile Telephone Test with CRT Display
e. Test Select V decode function (Figure 4-12).

1 SaNFUNCﬂONswmwG'naMMDISPLAY’wmmeuWY

Select the keyboard. The

the Select V mode er\lem\qﬂ\emmlhm"woeulsclposmonm

% Stored information for the v:(y:o‘le elephone sequence wil be automatically isplayed on the lower part of
the display.

3. Enter the number of the desired Select V sequence in the sequence select position on the display from the
keyboard.

4 Enter the desired access number from the keyboard into the access code position on the display.

5. Set the DISPLAY to Gen/Mon Mtr., the Code Synth Mode to Tone Seq, and the MODULATION switch to
Cont.

6. Adjust the Code Synth Lvi control for the desired level of modulation.

7. Connect the system t0 be tested as shown in figure 4-12 and set the MODULATION switch as desired to
test the Select V decoder.

8. Entor the soope rigger dolay seting shnvm at toaid

in troubleshooting

|- MODE SELECT ENTRY
== MODE MENU
|~ SEQUENCE SELECT ENTRY

RF INOUT

MODE
SELECTED ~]

SEQUENCE MENU

8486-8
Figure 4-12. Test Setup for Select V Test with CRT Display
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Figure 4-10.  Test Setup for 5/6 Tone Pager with CRT Display

d. Test Moblle Telephone Receiver and Supervisory Decoder (Figure 4-11).
1. Set the FUNCTION switch to Gen and the DISPLAY to Tone Memory.
2. Select the Moblle Telephone mode by entering the number 3 in the mode select position from the key-
board. The stored information for the mobile telephone sequences will be automatically displayed on the
lower part of the screen.

3. Select the desired mobile telephone sequence by entering the appropriate number in the sequence select
position from the keyboard: 1MTS, 2-MTS, 3-2805.

4. With the keyboard enter the appropriate Tone 1 and Tone 2 frequencies on the display.

5. Enter the desired telephone number from the keyboard into the Telephone Number position onthe display.

6. Set the DISPLAY to Duplex Gen and set the DUPLEX GEN switch to the 0-10 MHz or 45 MHz position as
appiicable. Enter the desired receive frequency from the keyboard and then set the desired transmit fre-
quency using the DUPLEX GEN frequency controls.

7. Set the MODULATION switch to the Cont position and adjust the Code Synth Lvl control for the desired
level of modulation.

8. Set the FUNCTION to Pwr Mon and the DISPLAY to Gen/Mon Mitr.

9. Connect the system to be tested as shown in figure 4-11 and set the MODULATION switch as required to
test the mobile telephone receiver and supervisory decoder.

3

Emu:r--cop-mggumymmmmmnmolmmmmmyasmmmm
int the decoder circuits

cmm:mmd-wnwuuymnpmmmu‘opm-
“Tone Seq.” !

1 :v?:u-mm Receiver audio stages using “DVM and Signal Generate'" function simultaneously (Figure
1. Select the DVM function by means of the arrow keys located below the DISPLAY column
2. Uning the keyboard “down” arrow position the CRT cursor adjacent to the “DVM Mode * graphics
3. Enter a 1" via the keyboard to select AC voltage measurement or a 2" for DC vcitage measurement
solection,
4 Set up the desired on-channel RF signal to provide an input to the receiver.
5 Set FUNCTION switch to “Gen'". Set appropriate RF output leve! (as indicated on the CRT screen)

L] lw'y o8t signals from the receiver audio stages to me msxmmem s ven Sinad DistDVM Counter In

ppiied X1 test probe may
nouua

7. Refor to the CRT acreen for an auto-ranging and analog/digital indication of either DC voltage or AC volt
g0 and corresponding dB level.

NOTE
The AC DVM indication of dBm is referred to 600 ohms.
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Figure 4-13. Tost Setup for Using DVM and Signal Generate with CRT Display
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SECTION V
MAINTENANCE

§-1. SERVICE

5-2. The Motorola Test Equipment Repair Center is charged with the service responsibility for all test equipment
supplied by the Motorola Communications Group. The center maintains a stock of original equipment replacement
parts and a complete library of service information for all Motorola test equipment.

5-3. Most in-warranty repairs are performed at the center. Exceptions include repairs on some equipment not
manufactured by Motorola which are performed by the original supplier under the direction of the Test Equipment
Repair Center. Out-of-warranty service is performed on a time and materials basis at competitive rates and the
maximum turn-around goal is less than ten working days. Customer satisfaction is continually surveyed by reply cards
returned with repaired instruments.

5-4. The Test Equipment Repair Center also provides a convenient telephone troubleshooting service. Frequently,
a user technician can troubleshoot a piece of equipment and isolate defective components under the direction of the
Test Equipment Repair Center via telephone. Required replacement parts are then immediately shipped to the user
thereby reducing shipping time and servicing costs. For telephone troubleshooting contact the Test Equipment Repair
Center toll free at (800) 323-6967.

5-5. All other inquiries and requests for test equipment calibration and repairs should be directed to the Area Parts
Office. They will contact the Test Equipment Repair Center, process the necessary paperwork and, if necessary, have
the Center contact you to expedite the repair.

5-6. REPLACEMENT PARTS ORDERING

5-7. Motorola maintains a number of parts offices strategically located throughout the United States. These facilities
are staffed to process parts orders, identify part numbers, and otherwise assist in the maintenance and repair of
Motorola Communications products. .

5-8. Orders for all replacement parts should be sent to the nearest area parts and service center listed below. When
ordering replacement parts the complete identification number located on the equipment should be included.

5-9. ADDRESSES
5-10. General Offices

MOTOROLA INC.

Communications Division Parts Dept.
1313 E. Algonquin Rd.,

Schaumburg, lllinois 60196

Phone: 312-397-1000

Executive Offices: 1301 E. Algonquin Rd.,
Schaumburg, lllinois 60196

5-1°



5-11. U.S. Orders
WESTERN AREA PARTS
1170 Chess Drive, Foster City,
San Mateo, California 94404
Phone: 415-349-3111

TWX: 910-375-3877

MID-ATLANTIC AREA PARTS
7230 Parkway Drive

Hanover, Maryland 21076
Phone: 301-796-8600

TWX: 710-862-1941

EASTERN AREA PARTS

85 Harristown Road

Glen Rock, New Jersey 07452
Phone: 201-447-4000

TWX: 710-988-5602

SOUTHWESTERN AREA PARTS
3320 Belt Line Road

Dallas, Texas 75234

Phone: 214-241-2151

TWX: 910-860-5505

GULF STATES AREA PARTS
8550 Katy Freeway

Houston, Texas 77024
Phone: 713-932-83955

5-12. Canadian Orders

CANADIAN MOTOROLA ELECTRONICS COMPANY
Parts Department

3125 Steeles Avenue

East Willowdale, Ontario

Phone: 516-499-1441

TWX: 610-492-2713

Telex: 02-29944LD

5-13. All Countries Execpt U.S. and Canada

MOTOROLA INC., OR MOTOROLA AMERICAS, INC.
International Parts

1313 E. Algonquin Road,

Schaumburg, Hlinois 60196 U.S.A

Phone: 312-397-1000

TWX: 810-693-1592 or 1598

Telex: 722433 or 722424

Cable: MOTOL

5-2

MIDWEST AREA PARTS
1313 E. Algonquin Rd.
Schaumburg, Ill. 60196
Phone: 312-576-7322
TWX: 910-693-0869

EAST CENTRAL AREA PARTS
12995 Snow Road

Parma, Ohio 44130

Phone: 216-267-2210

TWX: 810-421-8845

PACIFIC SOUTHWESTERN AREA PARTS
9980 Carroll Canyon Road

San Diego, California 92131

Phone: 714.578-2222

TWX: 910-335-1634

SOUTHEASTERN AREA PARTS
5096 Panola

Industrial Bivd.,

Decatur, Georgia 30032

Phone: 504-981-9800

TWX: 810-766-0876



CAUTION

This equipment contains parts that are subject to damage by static electricity. Proper
precautions should be taken during handling.

WARNING
Lithium Battery

The processor module within this system utilizes a lithium battery as a memory keep-alive
voltage source. Do not mutilate or disassemble the battery cell. The lithium metal is a very
active material that burns in the presence of water or high humidity. Do not put the battery
in fire, attempt to charge, heat above 100°C, or solder directly to the cell. Do not
overdischarge the cell to a reverse voltage greater than 3 volts. The battery may burst
and burn or release hazardous materials. See paragraph 5-143 of this manual for battery
troubleshooting procedures and cautions.

CAUTION
Lithium Battery

Lithium batteries are classified as hazardous materials and must be disposed of
accordingly. Do not dispose of the battery by placing it in with the everyday trash. Consult
state and local codes for the appropriate disposal procedure. Motorola will dispose of the
battery if the expended battery is returned in the replacement battery container and by
the same method that the new battery came to you to: Motorola Inc., Return Goods
Department, 1313 East Algonquin Road, Schaumburg, Ill. 60196.

5-14. MAJOR ASSEMBLIES

5-15. The Communication System Analyzer is designed for ease of maintenance. Most of the circuitry is on twelve
plug-in circuit boards. A list of all subassemblies is given in table 5-1. The assembly locations are shown in figures
5-1 and 5-2.

Table 5-1. List of Subassemblies

Ref. Part Number Replacement

Des. Item As Labeled Order Part No.
Al Low Voltage Power Supply Module 01-P07897V001 RTP-1005A
A1A1 Low Voltage Power Supply Switcher Module 01-P07891V001 RTP-4016A
A1A2 Low Voltage Power Supply Output Module 01-P07856V001 RTP-4013A
A1A3 Low Voltage Power Supply Control Module 01-P07853V001 RTP-4012A
A1A4 Lower Voltage Power Supply Relay Module 01-P07892V001 01-80305A68
A2 Scope Amplifier Module 01-P00413N002 RTC-4007B
A3 Scope/DVM Control Module 01-P24154A001 RTC-4024A
A4 Receiver Module 01-P00389N002 RTL-1002B
A5 Synthesizer Module 01-P00385N002 RTC-1001B
A5A* Digital Synthesizer Card 01-PO0358N002 RTC-4009B
A5B* RF Synthesizer Card 01-P0O0386N002 RTC-4010B
A6 Audio Synthesizer Module 01-P00426N002 RTC-4011B




-
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Table 5-1.  List of Subassembiies (Cont)
Ref. Part Number Replacement
Des. Item As Labeled Order Part No.
A7 Processor Input/Output Module 01-P24158A001 RTC-4025A
A8 IEEE Bus Module (Optional) 01-P00203N002 RTC-40138
A9 Microprocessor/Character Generator Module 01-P24162A001 RTC-4026A
A10 High Voltage Power Supply Module 01-P07896V001 RTP-1006A
~AN RF Input Module 01-P0O0394N003 RTC-10028
A11A1" Protection/Power Meter Card 01-PO0400N002 RTL-40618
A11A2" Converter/Wide Band Amplifier Card 01-PO0398N002 RTC-40158
A11A3* Offset Generator Card 01-PO0399NO02 RTC-40168
A12 Front Panel Interface Module 01-P07846V001 RTL-4086A
A13 Frequency Standard Module 01-P07898V001 RTL-1011A
Al4 Front Panel Assembly 01-P07860V001 01-80305A64
A14A1 Display Board Assembly 01-P07843v001 1-80305A63
Motherboard Assembly 01-P07894V001 RTL-4089A
¢ solder-in for Purpo: are not normally repaired or replaced
individually.

5-16.
5-17.
5-18.
Power
scope.
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Figure 5-1.  Communications System Analyzer, Top View, Cover Removed
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5-20. System Control

5-21. System Control is the primary responsibility of the internal microprocessor. Front panel control and system
status inputs to the processor are manipulated by the processor to provide the control for the operating mode. From
the front panel the processor monitors the keyboards, the function select switch, the modulation control switch, the
RF scan switch, the image switch, the bandwidth switch, the horizontal and vertical range switches, and the step
attenuator switch. This information plus internal status information causes the processor to display the appropriate
information on the CRT to program the center frequency, to set up the generate or monitor mode, and to make the
internal switching arrangements for the selected operating state.

5-22. The interface to and from the microprocessor is via the processor bus. This bus consists of a 16-bit address
bus, an 8-bit data bus, and a 7-bit control bus. This bus interfaces the processor to its program memory (ROM), scratch
pad memory (RAM), IEEE interface, and the peripheral interface adapters (PIA). The PIA is the mechanism by which
the processor interfaces with the system. A PIA consists of a dual 8-bit latch which may be programmed as either an
input or output for the microprocessor. System input and control information passes to and from the microprocessor
via three system control buses attached to a PIA.

5-23. Each system control bus consists of a 4 bit address bus, a 4 bit data bus, and an enable line. The 4 address
bits determine which of 16 possible latches the 4 bits of data is to be sent to or received from. The enable line triggers
the actual transfer of data. The three control buses within the system are called the RF control bus and the AF control
buses 1 and 2. The RF control bus is as described above while the AF control buses consist of a single 4-bit address
and 4-bit data bus and two enable lines. The resulting total input/output capability for the system buses is 16 latches
at 4-bits each times 3 buses or 192 bits. A tabulation of buses and the controlling or input function of each bit is shown
in table 5-2.

5-24. Systems with the IEEE remote control option interface the IEEE bus to the processor bus through a general
purpose interface bus adapter (GPIB) on the IEEE interface module. When enabled all control inputs to the system
pass through the IEEE bus and front panel controls are ignored. For more information on IEEE control see section 21

5-25. Generate Mode

5-26. The generate mode provides a variable level RF output that is phase locked to the internal 10 MHz standard
AM, FM, and Sideband Modulation are possible on the output signal. A block diagram of the generate mode is shown
in figure 5-4.

5-27. The Frequency Standard module (A13) contains a 10 MHz standard oscillator with buffering and switching to
provide a 10 MHz signal to the EXTERNAL 10 MHz OUTPUT and to the RF Synthesizer (A5). A provision is made for
the application of an EXTERNAL 10 MHz INPUT which causes the internal standard to shut down and the EXTER
NAL 10 MHz INPUT to be switched to the EXTERNAL 10 MHz OUT and to the RF Synthesizer.

5-28. The 10 MHz standard input to the RF synthesizer is digitally divided down to provide SYSTEM REFF FRE

QUENCIES for the frequency counter, the zero beat detector, the second local oscillator in the receiver, and the pro

cessor timing reference. Additionally reference frequencies are provided for a fixed 550 MHz locked loop and for a
programmable 500 MHz-1000 MHz locked loop. The programming of the 500 MHz-1000 MHz locked loop is provided
by the RF CONTROL BUS from the processor. The SELECT SWITCH selects one of three possible output points for
the SYNTH RF output signal. The first is from the 500 MHz-1000 MHz loop directly. The second is from a divide by
two on the output of the 500 MHz-1000 MHz loop which gives frequencies from 250 MHz to 500 MHz. For outputs
below 250 MHz, the output of the 500 MHz- 1000 MHz loop is mixed with the fixed 550 MHz signal and the difference
signal used for the output. For this output the processor programs the 500 MHz - 1000 MHz loop for frequencies
between 550.01 MHz and 800 MHz to obtain outputs from 10 kHz to 250 MHz respectively.

5-29. FM and SWEEP Modulation is implemented within the 500 MHz-1000 MHz loop. FM capability is 200 kHz
peak which when divided by two gives the 100 kHz peak requirement. Similarly the sweep capability is 10 MHz peak
which provides the 5 MHz requirement for the sweep generator and spectrum analyzer requirements.
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action protects the Wideband Amp and Step Attenuator against burnout. A signal line from the protection network
signals the processor that the system is in the protected mode. The processor in turn activates the CRT and alarm
warnings.

5-34. Power Meter

5-35. Input power measurements are made with the RF input terminated into an interal 50 ohm load. This termi-
nation is the same one used for the protect mode when i the generate or monitor functions. A block diagram of the
power meter is shown in figure 5-5.

5-36. For the power meter mode the processor sets the WATT METER ENABLE line to cause the RF input jack to
be switched to the 50 ohm power termination. For modes other than the power meter, an input Detector on the RF
input jack detects when the input power has exceeded 200 mW and then switches the input to the load

5-37. The switch is a single pole double throw configuration so that when switched to the RF load the path to the
Step Attenuator and Converter is open circuited. However, leakage across the open switch provides sufficient signal
for operation of the normal monitor functions.

5-38. A sample of the RF voltage being applied to the RF Loag s detected by the Power Detector 1o give 2 DC
output proportional to the peak RF voltage. The wi buffers and

voltage to provide the RF INPUT POWER signal to the prooessov The processor then determines and displays the
RF input power.

5-39. A Temperature Sensor located near the flange of the RF Load alerts the processor when the load temperature
exceeds 80°C. The processor reacts to the OVER TEMPERATURE signal by displaying a warning message on the
CRT and by sounding the audible alarm.
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Figure 5-5. Power Meter Block Diagram
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Figure 5-4. Generate Mode Block Diagram

5.30. The SYNTH RF signal is amplified and leveled in the RF input module (A11). The signal level at the output of
the wideband amp is detected and compared to the AM MOD & DC REF signal from the front panel leve! control. If
there is a difference between the two signal levels, the ALC amp provides an error voitage. The error voltage controls
the attenuation of the Voltage Controlled Attenuator (VCA) in the direction that will make the detected RF output equal
to the AM MOD & DC REF signal. There are two possible VCA's for the output leveling. The VCA within A11 is used
for frequencies from 1 MHz to 1000 MHz. For frequencies below 1 MHz, the VCA on A11 is set to minimum attenua
tion and the VCA on the RF Synthesizer module is used for leveling. Ampiitude modulation is incorporated by sum-
ming the modulation signal with the DG reference signal to force the leveling loop to vary the output level in proportion
10 the modulating signal. The signal from the RF level detector (CARRIER + MOD LVL) is used by the processor for
the determination of RF output level and the percent AM. The leveled output range of the Wideband Amp is from 3
dBm to +13 dBm (0.16 to 1.0 Vrms).

5-31. The leveled output from the Wideband Ampifier is applied to the Generate/Monitor (T/R) switch. For AM, FM,
and CW signals the switch connects the amplifier output to the Step Attenuator. For Double Sideband Suppressed
Carrier (DSBSC) the T/R switch is in the 'R" position where the amplifier output is connected to the local oscilator
port on the receive mixer and the attenuator is connected to the RF port. The DSBSC MOD signal is then used to
drive the IF port of the mixer giving a DSBSC signal at the RF port and thus at the Step Attenuator.

5-32. Coarse level control in 10 dB increments is provided by the Step Attenuator. The total range of the attenuator
is from 0 dB to 130 dB attenuation. For the basic R2001C the Step Attenuator is controlied directly by a shaft to the
front panel knob. With the IEEE control option the Step Attenuator s electrically programmable and controlled by the
processor. The front panel knob in this case is connected only to a rotary switch which directs the processor in setting
the attenuation level. Under IEEE control, commands via the IEEE bus determine the attenuator setting. (See section
21)

5-33. The RF signal from the Step Attenuator passes through the input protection circuitry to the RF Output jack
A level detector on the RF Output jack monitors the power level at the jack. If power in excess of 200 mW is applied
o the Output jack. the protection circuit will activate and switch the RF Output jack to the internal 50 ohm load. This
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5-40. Monitor Mode

5-41.  The monitor mode allows RF signals from an antenna or from a transmitter durectly to be checked for fre.
, FM, and
this system. A block diagram of the monitor mode is shown in figure 5-6

5-42.The RF signal to be monitored is applied to the RF Input jack on the RF Input module (A11). I the input level
is less than 200 mW the input signal through the input Pro Y to the Step Attenuator. For
input levels greater than 200 mW the protection circuit switches the input to the internal load and signal the operator
1o switch to the Power Monitor mode. In this case, RF leakage (paragraph 5-37) through the protection circuits pro-
vides the input signal to the Step Attenuator.

543, For the monitor mode the T/R switch is set so that the RF input from the Step Attenuator is connected to the
RF port on the receive mixer. The output from the wideband amp is switched to the local oscillator port on the receive
mixer. The processor programs the RF Synthesizer for an output frequency that is offset from the frequency to be
monitored by 10.7 MHz. The offset may be above or below the center frequency as selected by the front panel image
switch.




5.44. The10.7 MH; sig por is amplfied the first IF Ampli-
fier and Fitter. The Ampiifier provides sufficient gain so that the overall gain of the RF Input module is 10 + 2 dB. The
IF filter provides a modulation acceptance bandwidth of + 100 kHz. The filter output is the 10.7 MHz IF signal to the
Receiver module (Ad).

5-45. A second mixer in the receiver module down converts the 10.7 MHz IFsignal to 455 kHz by mixing the input
signal with a 10.245 MHz Second Local Oscillator Local Oscillator tothe 1 y

that its frequency i urate as the standard. The ph for the Second Local Oscillator
is spit between two modules. A 10.245 MHz SAMPLE signal is compared with the REFERENCE FREQUENCIES
from the RF ) zer on the Processor /O module (A7). The comparison provides a TRACKING VOLTAGE error
signal to the 10.245 MH oscillator which corrects its frequency to hold it in lock.

5-46. Immediately foll the second mixer is the IF filter. The IF filter is selectable between a narrowband (= 6
KkHz mod acceptance) and a wideband (+ 100 kHz mod acceptance) bandwidth. The bandwidth is under the control
of the processor and is selected by the bandwidth switch on the front panel.

5.47. The output signal from the IF filter has two possible paths. The path to the Log Amplifier and Detector provides
the spectrum analyzer capability. The other path is the linear IF Amplifier for AM, FM, and SSB demodulation. The
output level of the Ampilfer is detected to give amplitude modulation and to provide the AGC control on the IF ampii-
fier. The IF signal s applied to the FM Demodulator and is sent to the Scope/DVM Control module (A3) for SSB demo-
dulation and for frequency error determination

5-48. Demodulated audio from the selected demodulator is routed to the Audio Filter by the Select Switch under
processor control. The Audio Filter d g for The output
of the Audio Fitter is three signal lines. The Demod Calibration Audio line provides the calibrated audio fevels for mod-
ulation level determination. A Demod Audio output provides a level adjusted signal to the front pane Demod Out jack
Speaker audio is leve! adjusted by the front panel volume control and then ampiified by the Audio Ampiifier on the
Receiver module.

5.49. The Audio Amplifier Sums the audio from the demodulator with the Alarm audio. The Audio Ampiifier provides
20.5 watt output capabilty to the system’s intemal speaker. The Alarm generator is under the control of the system
processor.

5.50. SSB is on the /DVM Control module by multiplying the 455 kHz IF signal
from the Receiver with a signal from the Beat Frequency Oscillator (BFO). The BFO is controlled from the front panel
and typically has a frequency range of 455 + 3 kHz. The BFO signal is switched with the output of the 455 kHz IF
Phased Locked Loop (PLL) to the frequency counter for frequency error determination. The 455 kHz PLL fiters and
shapes the IF signal to make it suitable for frequency counting

5.51. When in the spectrum analyzer mode the linear IF Amplifier is shut down and the Log Ampiifier is activated
‘The output of the Log Ampiifier and Detector is a DC voltage that is proportional to the log of the 10.7 MHz IF input
level, The log circuit has a 8048, from —110 d8m to — 30 dBm.
The SPECTRUM ANALYZER signal from the Log Ampiifier is
display.

5-52 Duplex Generator

5.53. Simultaneous generate and monitor functions are available with the use of the Duplex Generator. The fre-
quency spread between generate and monitor fr is limited 10 a range of 0 to 10 MHz and a fixed frequency
of 45 MHz. A block diagram of the Duplex Generator function is shown in figure 5.7.

5.54. The Duplex Output signal is generated by mixing the local oscillator signal for the first receive mixer with a
signal from the Offset Osciliator. The Offset Oscillator is at the frequency equal to the desired spread between gen-
erate and monitor frequencies less the 10.7 MHz IF offset. The monitor function is unaffected by the duplex mode and
operates as described under paragraph 5-40.
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Figure 5-8. Code Synthesizer Block Diagram

562 Systems without the IEEE option will have the wipers of the level control pots jumpered to their respective
inputs to the summation amp on the Audio Synthesizer module (A6). Those systems with the IEEE option wil select
their wipers to

for remote or local While in the IEEE Cq

controlled Atten.
uator on the IEEE module provides the modulation level control. For the local mode the attenuators are programmed
for zero 50 that the wipers of set the modulation levels directly.

5-63. The three modulation sources are summed together on the Audio Synthesizer module after the level controls.
The composite modulation signal is then switched to the appropriate modulator and appiied to the modulation deter-

itry (MOD CAL AUDIO), the audio ampiifier (SPKR AUDIO), and the Output jack (MOD OUT)
on the front panel. The signal to the front panel jack is buffered by a Driver Amplifier to provide a low driving source
impedance.

Figure 5-7. Duplex Generator Block Diagram

requenc i Oscillator frequency via the
- ‘modulation of the duplex output is obtained by modulating the Offset

f)sgé; MOD séml e, Control of the Offset Oscilator is directly from the front panel of the system ‘122535'.
FREQUENCY output from p putto for

frequency.

5-56. Code Synthesizer

5.57. Three simuitaneous modulation sources are possible with the intenal Gode synthesizer mn:: nr‘: gumov
2 . and external modulation sources are individually .
Digital Private Line (DPL) source, a fixed 1 kHz source, ik lovel con
modulation audio. The Code Synthesizer provi
troliable and summed together to give the composite heCa 8 re modis:
uency source when in the mont

i for the system in the generate mode and can be used as an audio freq

«mm . For e |EEEyopuon a provision is made to allow processor controlof the modulation levels. A block diagram

- of the Code synthesizer is shown in figure 5-8.

558 The PL signaling sequence generator is an Audio Synthesizer with e:m mﬁ ‘r;r}ge re'qrouf;:‘ ::;:‘u‘::
" The frequency is programmed by the processor in r

Kb o'd‘(:rwgnz smp?he CHTeglspiacyY T?:rzgmgramnuue Attenuator following the synthesizer provides 10 dB and 30

dB attenuation levels for the tone remote access sequence.

1o the code entered by the operator. The 23.bit
. DPL Code words are generated by the processor in response :
%ﬁ wond 1 stored in the DPL Generator and contunuously output when selected. Either PL or DPL signals are
switched to the Code Synthesizer Level control on the front panel.

5.60. A 1kHz reference signal from the RF Sym'BSlZa’!SbanwaSS filtered to provide a low distortion 1 kHz sine-
wave 1o the front panel 1 kHz Level Control.

on the front
of external are possible. A st d %

5:; and a BNC front panel jack are provided. The microphone input is connected to an 1DC circuit for 7&3‘(\ hrm“;:g

g'he composite of the two extermal modulation sources is the signal to the External Level control on the front pa

515

ymed with a +5 volt signal. This combi-

5.64. The AM modulation signal at the output of the Select Switch is §um :

nation provides a DC level to control the average output power of wideband amp in the RF Input rrr.l;odulleh:r:;o'l

cuperimposed moduiation signal to give AM. The RF Level control on the front panel for local contror or oo
Attenuator on the IEEE i mote RF by c

%'c“";"?:‘?m \he moduiating signal. The resultng signal i the AM MOD & DC REFERENCE signal to the RF Input

module.

5-65 Frequency Counter

for frequency determination. Two
Three possible signal sources are made available to the frequency counter g
2;6& inputs :f; from |rs|:gemal system points for the determinations of the offset frequency (OFFSET). an::: m
tored carrier error frequency (IF/BFO)). The third input is the external input (FREQ CNTR INPUT) on the par

A block diagram of the frequency counter function is shown in figure 5-9.

9
BE SYNTH

Figure 59, Frequency Counter Block Diagram

5.67. The external input signal is fouted o the Front Panel Interface module (A12). A range Attenuaor on the |.:|:.
face module provides variable sensitivity settings a 10 the vertcalrange switch sefting on the front panel. An
Amplfier following the range Attenuator ampifies and limits the signal ampitude for the frequency counter Inp

\7) Counter circuitry.
568, ASelect 0 routes 1 requency
The signal selected is controlied by the processor and is determined by the operating mode of the system.

Gate times from 1 msec to 10 sec are
5.69. A 16-bit gated accumulator is used to determine the input frequency.

automatically se?::\sd by the processor to give the maximum possible resolution. The gate times are derived from
the RF Synthesizer REFERENCE FREQUENCIES and thus are as accurate as the system time base.

bus through a Peripheral Inter
5.70. The 16-bit Frequency Counter output is transferred directly to the processor r
face Adapter (PIA). The processor in turn adjusts the data for the gate time used and then processes the information
to obtain the required frequency display.



5-71. Digital Voltmeter (DVM)

processor through the DVM Circuiitry has access to voltage information at a large number of points
throughout the system. From this information the processor is able to determine and display parameters such as;
output power level, modulation level, input power level and the like. In addition, an extemal voltage applied o the
DVM input jack on the front panel can be measured and displayed for external voltage measurements. A block dia-
gram of the DVM function is shown in figure 5-10.
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Figure 510, Block Diagram DVM/Distortion Analyzer

573. Internal voltage y the INT DVM SELECT SWITCH
and the X1.0/X0.1 attenuator respectively on the Scope/DVM Control (A3) module. The resulting 0 to 1 VDC signal
is routed to the INT/EXT DVM SELECT SWITCH on the Processor Interface (A7) module which appiies the voltage
to the A/D converter. The A/D converter converts the input voitage into a 10 bit digital word which is input to the

One as y

display data. Inputs to the A/D must be less than 1 VDC: therefore, with the decade X1/X.1 ranging attenuator the
maximum input voltage to the internal DVM is 10 VDC. The X1 position of the attenuator is switched in for better
voltage reading resolution on voltages less than 1 VDC. To keep CRT information current, each of the required mea-
surements are made in sequence at an approximate rate of thirty per second.

574. Two modulation signals (MOD CAL AUDIO and CARRIER -+ MOD LVL) and a demodulated signal (DEMOD
CAL AUDIO) are made available to the peak detectors. Positive and negative peak determination of the selected sig-
nal enables the processor to determine the level of modulation.

5:75. A Lowpass Filter (LPFL) removes the DC component from the CARRIER + MOD LVL signal so that the gen-
erate RF output level can be determined. Refer to paragraph 5-30.
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Figure 5-11 Oscilloscope Block Diagram

5-88. Six decade sweep ranges from 1 usec to 100 msec per division are provided by the Time base Generator.
Control of the Time base Generator is from the front panel horizontal switch through the processor.

5-89. Front pane! external horizontal Inputs are apphed 1o the top of the horizontal vernier gain potentiometer. The
wiper of the gain potentiometer is the EXTERNAL HORIZONTAL input signal to the preamp on the Front Panel Inter-
face module (A12). The preamp provides the required horizontal input sensitivity and buffers the signal to the select
switch on the Scope Ampilifier module.

590. Internal and Cl outputs, are selected on the S¢

P 3 cope/DVM
Control module (A3). The Sweep Generator provides a sawtooth waveform to the RF Synthesizer module for the
sweep generator and spectrum analyzer functions The sweep signal to the CRT horizontal input causes the scope
sweep to be synchronous with the synthesizer sweep for the spectrum and swept filter response displays,

591, The Horizontal Character Sweep generator output is a sawtooth waveform that provides the hori weep
for the raster scan character display. e fonzontals

5-92. One of four possible vertical signal sources are switched to the Vertical Ampiifier in a Select Switch on
the Scope/DVM Control module. The 455 kHz IF and SPECTRUM ANALYZER signals w‘::‘nbx:e Receiver Module
provide the IF envelope and spectrum analyzer displays respectively. The Vertical Character Sweep generator gives
the vertical sweep for the raster scan character display. The remaining input is the path for external vertical or mod.
ulation scope vertical inputs from the Front Panel Interface module.

5-93. A vertical preamplifier on the Interface module gives a vertical sensitivity of 10 milivolt per division and pro-
vides positioning and vernier gain capabilty for its input. The amplifie is preceded by a four decade range attenuator
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5-76. The RF INPUT POWER and OVERTEMP signal lines from the RF Input module provide the processor inputs
for the internal wattmeter. (Paragraph 5-38). External wattmeter element inputs (EXT FWD PWR and EXT RFL PWR)
from the front panel jack provide the information for the external wattmeter display.

577. A signal line from the DC input jack on the rear panel (BATT VOLT) is brought to the processor for battery

The voltage afactor of 10 y 10 voit input to the select
switch. The processor uses the battery voltage measurement to wam the operator when the battery is near its dis.
charged state.

5-78. A rectified and fiitered version of the input to the 1 kHz NOTCH FILTER is the last internal measurement point.
This measurement is used as part of the distortion/SINAD reading. For further information on the distortion/SINAD
meter see paragraph 5-82

5.79. EXTERNAL DVM — In the external DVM mode, voitages applied to the Ext DVM input Jack on the front
panel are ranged by processor control over four decades in the Front Panel Interface (A12) module. The result is a 0
to 1 VRMS signal at the output of the attenuator for inputs of 0 to 300 VRMS. The signal is routed directly through
the A3 module by the RMS/Distortion Select Switch to the RMS to DC Converter on the A7 module. The INT/EXT
DVM Select Switch applied the output of the RMS to DC Converter to the A/D converter for input to the processor

5.80. Forexternal DC the AC/DC Select Swi oc from the Ext DVM Input
Jack. A low pass fitter (LPFL) in the A12 module removes ripple components, The rejection at 50 Hz is 25 dB in the
low pass fiter. The RMS to DC Converter reads the absolute value of the DC input, and the sign detector (SIGN DET)
provides polarity information

581, For AC voltage the LPFL for less than 0.5 4B 1010 kHz. The
AC/DC Select Switch selects the AC coupled path, and the RMS to DC Converter converts the AC input into a DC
voitage equal to the RMS voltage of the input.

5-82. Distortion/SINAD Meter

5.83. The distortion of a signal with a 1 kHz fundamental frequency can be measured by the R2001C. The 1 kHz
input enters the EXT DVM input jack through the AC coupled path and is ranged to between 0 and 1 voit RMS by the
ranging attenuator. The signal is routed through the notch filter where the fundamental fi is removed. Tho
output of the notch fiiter is selected to the RMS to DC Converter input by the RMS/Distortion Select Switch where
the RMS voltage of the distortion components (to 10 kHz) is measured. The input of the notch is rectified. fitered,
and multiplied by 1.1 (the RMS to AVERAGE ratio for a sinusoid). The resulting DC voltage is measured by the intormal
DVM as described in paragraph 5-73. The processor divides the RMS output voltage of the noteh fiter by the RMS
input voltage to the notch filter to obtain a distortion ratio. The distortion ratio is converted to B by the processor for
the SINAD dispiay. The percent distortion display is obtained by multiplying the distortion ratio by 100

5-84. Oscilloscope
5-85. Three pr for

oy i '
mode for the system. The extemal oscilloscope feature augments the total
system as a general purpose test instrument. A block diagram of the osciloscope function is shown in figure 511

5-86. Drive signals for the CRT are provided by circuits on the Scope Ampifier module (A2). Horizontal and vertical
signals are ampiified by their respective a s from 0.5 volt/division input levels to the levels required on the
deflection plates. A Z-Axis Modulator circuit controls the cathode to grid bias voltage on the CRT to effect intensity
control

5-87. The horizontal amplifier input is selected between external and internal scope functions. External functions,
Time base Generator or external horizontal input, are switched to a summation amp where the HORIZONTAL POSI-
TION signal from the front panel is added. The resuiting DC offset positions the display horizontally on the CRT.

hich is sertical switch

input sensitivities from 0.01 to 1.0 voit per and modulation scope

from 0.25 t0 25 kHz per division

5.94. A Select Switch ahead of the Attenuator selects between the external vertical input or the modulation scope
inputs. The External put path is further t AC and DC ng the vertical
input jack on the front panel. The modulation scope signal path is switched to one of three possible sources on the
Scope/DVM Control module. Demodulation signals from the Receiver are selected via the DEMOD CAL AUDIO path,
and frequency and amplitude modulation signals via the MOD CAL AUDIO and CARRIER + MOD LVL signal paths
respectively. The Audio Synthesizer module provides the MOD CAL AUDIO signal while the RF Input module gives
the CARRIER + MOD LVL signal.

5.95. A Z-Axis Select circuit on the Scope/DVM Control module gates either the CHARACTER GEN signal for char.
acter displays or from the for to the Z-Axis Modulator
on the Scope Amplifier module.

5-96. ALIGNMENT PROCEDURE
5-97. Introduction

5.98. This section provides a basic (para 5-102) and an extended (para 5-115) alignment procedure. The basic
procedure requires only the use of a calibrated oscilloscope. It is expected that the basic alignment be performed
whenever service work is performed. The ext i ind a calibrated
digital voltmeter in servaing
the system. All adjustments not covered in this procedure are to be performed on suitable module test fixtures only

5-99. Test Equipment Required

5-100. The test equipment or its equivalent listed in table 5-3 is required for the basic procedure. The additional
equipment required for the extended procedure is listed in table 5-4.

Table 5.3, Basic Test Equipment Required

Description Model
“Oscilloscope Motorola R1029A
Test Point Shorting Jumper
Nonmetalic Alignment Tool

“An R2001 is a suitable substitute

Table 5-4. Extended Test Equipment Required

Description Model
*Oscilloscope Motorola R1029A
*Digital Voltmeter Motorola R1024A
*RF Signal Generator Motorola R1201A
“Modulation Meter Boonton 82AD
Audio Generator Motorola S1067
Receiver Test Cover Motorola 15-80346A49
Extender Card Set Motorola RPX-4150A

*An R2001 is suitable for use in place of these separate equipments.




~101. Preparation for Alignment

1. All alignments to be performed at normal ambient temperature.

2. Remove the top cover of the unit to be aligned.

3. Apply power to the unit to be aligned and allow a warmup time of 15 minutes prior to alignment.
102, Basic Alignment Procedure
i103. CRT Astigmatism and Geometry

1. Select the Monitor Function and the Gen/Mon Mir Display on the R2001C. Set the Intensity Control for a medium
intense display.
2. While using the Focus Control to maintain a focused display at the center of the CRT, acjustthe Astigmatio
and Geometry potentiometers (Figure 5-12) for the best focus at the outer edges of the CRT while minimizing
the pincushion and barrel distortion of the display. The two adjustments are interactive so that repeated small
adjustments alternated between the two potentiometers will be required to obtain the best display.

104, CRT Intensity Bias
1. Select the Scope DC Display and the Ext Horiz. Input mode. Set the Intensity Control fully counter clockwise.

CAUTION

Do not let a dot stay in one place on the CRT screen for more than 30 seconds as a per-
manent bum in the phosphor will occur.

2. Adjust the Intensity Bias potentiometer (Figure 5-12) until a dot appears on the screen. (The Vertical and Hori-
zontal Position Control on the front panel may have to be used to bring the dot on to the screen.) Then back off
the Intensity Bia: until the dot just d

»105. CRT Intensity Balance

1. Select the Scope DC Display and the 1 mSec/Div Horizontal Sweep rate on the R2001C. Set the Horizontal
Timebase Vernier to the Cal position and adjust the Intensity Control for a barely visible horizontal fine on the
CRT.

~

Adjust the Intensity (Figure 5-12) for i of the horizontal trace from left to
right. The Balance potentiometer affects the intensity on the left side of the trace.

5106, CRT Horizontal Centering

1. Select the Gen/Mon Mtr Display on the R2001C. Adjust the Intensity Control for a comfortable viewing bright-
ness.

~

With the Test Point Shorting Jumper connect TP1 of the Scope Amplifier Board (Figure 5-12) to chassis ground.

@

Adjust the Horizontal Position Potentiometer (Figure 5-12) so that the vertical trace on the CRT screen passes
through the graticule center point.

IS

. Remove the jumper from TP1
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5.111.  Vertical Input Gain

1. Set the R2001C for the Generate FM Function and the Scope DC Display. Set the Horiz Control for 1m Sec/
Div sweep rate and the Horizontal Vernier to the Cal position. Set the Vert Control for 1V/Div input sensitivity

and the Vertical Vernier to the Cal position.

2. Connect an oscilloscope with a calibrated vertical input to the Mod Out Jack on the front panel.

the attached

3. Tumn the Code Synthesizer off, the Ext Level off and adjust the 1 kHz Level Control for a 6V p-p sinewave on
oscilloscope.

4. Disconnect the oscilloscope from the Mod Out Jack and connect the Mod Out Jack to the Vert Input Jack on

the R2001C.

o

sinewave on the CRT. (Use the front panel Position Controls to center the waveform on the CRT)

250 Fne

VM 25R0 (COARSE)

NPT VERTICAL GAN

VERTICAL BALANCE o~ m

Figure 5-13. Front Panel Interface Alignment Points.

5.24

Adjust the Input Vertical Gain Potentiometer on the Front Panel Interface Board (Figure 5-13) for a 6 cm p-p
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5-107. CRT Vertical Centering

Select the Gen/Mon Mtr Display on the R2001C. Adjust the Intensity Control for comfortable viewing bright-

~

With the Test Point Shorting Jumper connect TP4 of the Scope (Figure 5-12) to ch: d.

©

Adjust the Vertical Position Pevtemmmelef (Figure 5-12) 50 that the horizontal trace on the CRT screen passes
through the graticule center poi

-~

Remove jumper from TP4,
5-108. CRT Trace Rotation

1. Select the Gen/Mon Mtr Display on the R2001C. Adjust the Intensity Control for a comfortable viewing bright-
ness.

2. Adjust the Trace Rotation Potentiometer (Figure 5-12) for a properly rotated CRT display.
5-109. CRT Horizontal Gain
1. Connect the Mod Out Jack to the Ext Horiz Jack on the R2001C front panel.

2. Set the R2001C for the Generate FM Function and the Scope DC Display. Set the Horiz Control for Ext Horiz
input. Turn the Code Synthesizer off, the Ext Level off, and the 1 kHz Level up about half way.

3. Connect an oscilloscope with a calibrated vertical input to TP1 on the Scope Ampiifier Board. (Figure 5-12).

~

Using the front panel Horizontal Vernier Control adjust for a 3V p-p amplitude on the sinewave at TP1.

o

With 3V p-p at TP1 adjust the Horizontal Gain Potentiometer (Figure 5-12) for a horizontal trace 6 cm long on
the CRT. (Use the front panel controls to position the trace at a convenient place near the center of the CRT),

5-110. CRT Vertical Gain

Connect the Mod Out Jack to the Vert Input Jack on the R2001C front panel

~

Set the R2001C for the Generate FM Function and the Scope DC Display. Set the Horiz Control for 1 mSec/
Div sweep rate and the Horizontal Vernier to the Cal position. Set the Vert Control for 1 V/Div input sensitivity
and the Vertical Vernier 1o the Cal position.

w

Turn the Code Synthesizer off, the Ext Level off and the 1 kHz Level up about half way.

4. Connect an oscilloscope with a calibrated vertical input to TP4 on the Scope Amplifier Board. (Figure 5-12).

o

Using the front panel 1 kHz Level Control adjust for a 3V p-p ampiitude on the sinewave at TP4.

@

With 3V p-p at TP4 adjust the Vertical Gain Potentiometer (Fgme 5- 12) for a 6 cm p-p sinewave on the CRT.
(use the front panel Position Controls to center the waveform on t

5112 DVM Zero
1. Select the DVM Display and the DC Mode on the R2001C.
2. Short the center conductor of the DVM Input Jack to ground.

3. Adjust the DVM Zero (Coarse) and the DVM Zero (Fine) Potentiometers on the Front Panel Interface Board
(Figure 5-13) for a zero reading on the DVM Display.

5-113. Spectrum Analyzer Centering

1. Select the Spect Analyzer Display on the R2001C. Set the Dispersion Control on the front panel to the 1 MHz
position. (full counter clockwise) Set the center frequency of the analyzer to 10.0 MHz.

o

Connect the 10 MHz Output on the rear panel to the RF Input on the front panel. Set the RF Step Attenuator
1o obtain a convenient spectral display.

®

Adjust the Spectrum Analyzer Centering Potentiometer on the Scope/DVM Control Board (Figure 5-14) so that
the spectral line on the CRT is centered about the center graticule fin.

HORIZONTAL
CHARACTER
swefw\wruw

VERTICAL
CHARACTER |

WIDTH

ADJUST

SPECTRUM
ANALYZER
CENTERING

Figure 5-14.  Scope/DVM Control Alignment Points
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5-114. Horizontal Time Base

. Select the Tone Memory Display and the Generate FM Function on the R2001C. Program tone A for 20.0 Hz
and Tone B for 2000.0 Hz.

~

Select the Modulation Display. Set the Oscilloscope Controls for 2.5 kHz/Div vertical range, Auto Trigger, and
10 mSec/Div horizontal sweep range. Set the Horizontal and Vertical Vernier Controls to their Cal positions.

w

. Set the Code Synthesizer for Continuous, Tone A, and turn up the Code Synth Leve to obtain a nearly full scale
sinusoidal waveform on the CRT. Turn the Ext Level and the 1 kHz Level Controls to the off position.

IS

Adjust the Coarse Time Base Cali [{ 15) 50 that one
cycle of Pl g in 5 cm along is. Use the Vertical and Horizontal Posi-
tion controls to center and to move the waveform so that the 5 cm are measured in the middle of the screen to
avoid nonlinearities near the edge of the CRT.

5. Set the Oscilloscope Horizontal Control for a 100 uSec/Div sweep rate and select the Tone B output on the
Code Synthesizer.

>

Adjust the Fine Time Base Caiibration Capacitor on the Scope Ampiifier Board (Figure 5-15) so that one cycle
of the displayed waveform occurs in 5 cm along the horizontal axis. Use the Vertical and Horizontal Position
controls to center and to move that the 5 in the middie of the screen to avoid
nonlinearities near the edge of the CRT.

Figure 5-15.  Horizontal Time Base Alignment Points

5-115. EXTENDED ALIGNMENT PROCEDURE
5-116. DVM

. Remove the R2001C top cover.

S

Connect the R2001C to a primary power source, turn it on, and select the EXT DVM mode. Allow approxi-
mately 15 minutes warmup before proceeding with the alignment procedure.

3. Short the center conductor of the DVM input jack on the front panel to ground. Connect an external DVM
between TP2 and TP9 of the Scope DVM Control Board (Figure 5-14).

a

. Adjust the Coarse DVM Zero and the Fine DVM Zero on the Front Panel Interface Board (Figure 5-13) until the
external DVM reads 0 = 0.5 millivolts DC.

5. Remove the short circuit on the DVM input jack and apply approximately 0.900 voits DC from an extemal power
supply. The voltage between TP2 and TP9 of the Scope/DVM Control Board should be within =1 mv of the
voitage at the front panal DVM input jack. If the unit fails this test, adjust the DVM Buffer Gain on the Front
Panel Interface Board (Figure 5-13) until the above two voltages are equal.

A/D OFFSET

AMS
CONVERTER ——__|
GAIN

RAMS
CONVERTER —
OFFSET

SIGN
DETECTOR=—""]

Figure 5-16. Processor /0 A/D Alignment Points
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6. Select the generate FM narrowband mode and the Gen/Mon Metering dispiay.
7. Short TP4 to TP9 on the Scope/DVM Control Board.

8. Adjust the AD Offset on the Processor Interface Board (Figure 5-16) until the plus peak deviation reading on
the CRT is just toggling between 0.00 and 0.01 kHz. Then slightly turn the adjustment just enough to make the
reading 0.00 all the time. Note that if the offset adjustment s turned past this point the deviation reading is st
0.00 but the A/D converter is not aligned property.

9. Remove the short circuit between TP4 and TP9, and connect the positive lead of the external DVM to TP4 of
the Scope/DVM Control Place on P9 of the
Control Board.

10, Turn on the 1 kHz internal modulation and adjust the level until the voltage TP4 reads 0.900 volts
11 Adjust the A/D Gain (Figure 5-16) unti the reading on the positive deviation peak is 4.50 kHz
12. Select the DC DVM mode.

13. With the center conductor of the front panel DVM input jack again shorted to ground, adjust the RMS Converter
offset on the Processor Interface Board (Figure 5-16) for a reading of 0.000 volts on the CRT DVM display.

14. Adjust the sign detector offset (Figure 5-16) until the sign of the 0.000 volt reading is just flashing between plus
and minus.

15. Remove the short and apply approximately 0.900 volts to the front panel. DVM input jack.

16. While monitoring the input voltage on an externai DVM. adjust the RMS Converter Gain on the Processor
Interface Board (Figure 5-16) until the CRT DVM reading is equal to the external votage applied.

5-117. Character Generator
1. Perform the Basic Alignment Procedure of para 5-102.
2. Select the Monitor FM Function and the Gen/Mon Mtr Display.
3. Adjust the Horizontal Character Sweep Width Potentiometer on the Scope/DVM Control Board (Figure 5-14)

S0 that the right-hand edge of the CRT character display is approximately 4.2 graticule divisions to the right of
the graticule center line.

4. Adjust the Vertical Character Sweep Width Potentiometer on the Scope/DVM Control Board (Figure 5-14) so
that the b dge of the CRT display is i 3 graticule di below line.

5-118. DISTORTION/SINAD ALIGNMENT

Enter the generate mode and the Gen/Mon Metering display. Using an audio generator with less than 0.1%
distortion apply a 900 MVAMS 1 kHz = 2 Hz signal to the Vert Sinad/DVM Dist/Counter In input on the front
panel.

Verify that the distortion reading on the CRT is <0.5%. If this test fails the notch fiiter should be aligned.

Turn the R2001C off and extend the Scope/DVM Control Board using the 100 pin extender card.

Turn the R2001C on and select the generate FM mode and the Gen/Mon Metering display.

Using the same low distortion generator as in article 1, apply a 998 = 0.2 Hz sine wave to the Distortion input.

Alternately adjust the 998 Hz notch potentiometers on the Scope/DVM Control Board (Figure 5-14) to null the
distortion reading on the CRT. A reading less than 0.5% should be obtained.

Change the audio generator input frequency to 1002 = 0.2 Hz.

Alternately adjust the 1002 Hz notch potentiometers on the Scope/DVM Control Board (Figure 5-14) to again
null the CRT distortion reading. A reading less than 0.5% should be obtained.

Turn the system power off and reinstall the Scope/DVM Control Board into the R2001C.

5-119. Receiver

5-120. AM Detector

Perform the basic alignment procedure of para 5-102.

. Turn the R2001C off and remove the Receiver Module. Remove the Receiver Module cover and install the

Receiver Test Cover on the module housing. Extend the Receiver module on the Receiver Extender Card.

. Turn the R2001C on and select the Monitor AM Function and the Gen/Mon Mtr Display. Set the monitor fre-

quency to 250 MHz, the RF Step Attenuator to the 0 dB position, and the BW Switch to the Narrow position.

Connect the external signal generator to the RF In/Out Jack on the front panel. Adjust the external generator
for an output level of approxiamtely —60 dBm and a calibrated 30% AM.

Adjust R60 (Marked on the Receiver Test Cover) for a reading of 30% = 5% on the CRT AM display.

5-121. FM Detector

Select the Monitor FM Function and the Gen/Mon Mtr Display. Set the monitor frequency to 250 MHz, the RF
Step Attenuator to the 0 dB position, and the BW Switch to the Wide position

Connect the external signal generator to the RF In/Out Jack on the front panel. Adjust the external generator
for a center frequency of 250 MHz at an output level of approximately —30 dBm and a calibrated 20 kHz FM.

Adjust R70 (Marked on the Receiver Test Cover) for a reading of 20 kHz + 1 kHz on the CRT FM display.
Set the BW switch o the Narrow position and reset the FM on the external generator to 3 kHz deviation

Adjust R125 (Marked on the Receiver Test Cover) for a reading of 3 kHz = 150 Hz on the CRT FM display.



3

Turn off the FM on the external generator so that a CW signal of a level of approximately —30 dBm is applied
1o the R2001C.

o

Connect the Demod Out Jack to the Vert/Sinad Dist/DVM/Counter Input Jack on the front panel. Select the
DVM Display and the DC DVM Mode on the R2001C

®

Adjust R68 (Marked on the Receiver Test Cover) for a 0.0 VDC + 100 mVDC reading on the DVM Display.
122, Spectrum Analyzer

1. Select the Monitor Function and the Spectrum Analyzer Display on the R2001C. Set the monitor frequency to
250 MHz, and the RF Step Attenuator to the 40 dB position.

~

Connect the external signal generator to the RF In/Out Jack on the front panel. Adjust the external generator
for a center frequency of 250 MHz and a calibrated output level of —30 dBm with no modulation.

@

Adjust in succession C2, C83, C88. and C36 (Marked on the Receiver Test Cover) to maximize the amplitude
of the spectral line in the center of the CRT display

>

. Adjust R124, R91, and R100 (Marked on the Receiver Test Cover) to obtain a uniform change in the spectral
ampiitude per 10 dB change of the RF Step Attenuator. R124 affects the level of the spectral component when
in the top quarter of the screen, R91 affects levels in the third quarter from the top, and R100 affects levels in
the bottom quarter.

@

. Adjust R119 for offset and R121 for gain 5o that with the step attenuator in the O dB Position the peak of the
spectral line lies on the 30 dB line of the CRT and that successive step increases of the input attenuator move
the spectral amplitude downward in 10 dB increments on the CRT. The accuracy required for any one step
attenuator position is +3 dB

@

It will generally be necessary to repeat paragraphs 5-122.4 and 5-122.5 until the best possible accuracy is
obtained

~

Turn the power off and remove the Receiver Module and the Receiver Extender for the chassis. Remove the
Test Cover from the Receiver Module and replace the module cover. Reinstall the Receiver Module into the
system chassis.

5123, CHECKOUT PROCEDURE

i+124. Introduction

5-125. This section provides a system checkout procedure. This procedure will help isolate system failures when
1sed with the troubleshooting information in para 5-143

530

3. Move the Modulation Switch to the BURST position. Verify that a 133 Hz tone is output as long as the switch
is held in the BURST position

4. Select the Tone A Continous Mode. Verify a Tone A output on the scope and at the speaker.

o

Select the Tone Remote Mode. Verify that when the Modulation Switch is moved from OFF to BURST that a
single Tone Remote Access Sequence is generated

6. Connect a microphone to the Mic Jack. Turn up the Ext Level Control and verify that speaking into the mike
causes a modulation signal to be output as observed on the scope display.

5-133. Frequency Counter
1. Setthe UUT to the Gen CW Mode with an output frequency of 35 MHz at a level of 0 dBm as displayed on the

Gen/Mon Mtr display. Connect the RF In/Out Jack to the Counter In Jack of the UUT. Select the Frequency
Counter Display and verify a frequency reading of 35 MHz.

~

Set the UUT to the Generate FM Mode and select the Gen/Mon Mitr Display. Turn the Code Synthesizer and
Ext Modulation sources OFF. Select the Narrow Band Mode and adjust the 1 kHz Level Control for a 5 kHz FM
deviation reading. Connect the Mod Out Jack to the Counter Input Jack of UUT. Select the Frequency Counter
Display and verify a nominal frequency reading of 1 kHz.

5-134. DVM

1. Maintaining the same conditions as in paragraph 5-133.2, select the DVM Display and the AC Mode on the
display. Verify a DVM reading of 0.707 vrms +0.04 vrms

2. Select the DC Mode and verify a near zero volt D reading
5-135. Scope Mode
1. Set the UUT to the Scope AC display mode and connect the scope vertical input jack to the Mod Out Jack.

Enable the internal 1 kHz modulation source. Verify the operation of each position of the vertical input range
switch and the vertical vernier gain control

~

With the same connection as in paragraph 5-135.1, verify ion of each position of Con-
trol and the Horizontal timebase vernier.

@

. With the Horizontal Control set to the External Mode, connect the External Horizontal jack to the Mod Out
Jack. Verify a horizontal line whole length is variable with the Horizontal vernier.

>

Connect the Vert In jack to the Mod Out jack on the UUT. Set the vert and horizontal controls for a convenient
display. Verify that a steady sync is obtained in either the Norm or Auto modes and that the point of triggering
is adjustable with the level control. Remove the input signal and verify no horizontal sweep in the Norm mode
and the presence of a horizontal sweep in theAuto mode.

5-136. Distortion/SINAD Meter

Set the UUT for the Generate FM Function, Narrow Band Mode, and the Tone Memory Display. On the Tone
Table set Tone A for 2000.0 Hz.

2. Select the Gen/Mon Mtr Display and the Tone A Cont Modulation Mode. Turn the Ext Level and the 1 kHz Level
Controls Off. Adjust the Code Synth Lvi Control for an FM deviation of 1.88 kHz as read on the CRT display.

1
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5-126. Test Equipment Required
5-127. The test equipment listed in table 5-5 or its equivalent will be required to perform the checkout procedure.

Table 5-5. Test Equipment

“RF Signal Generator Motorola R-1201A
“RF Power Meter Motorola S-1339A
“SINAD Meter Motorola R-1013A
“Modulation Meter Boonton 82AD

RF Power Source 1 watt to 100 watts

*An R2001 is suitable for use in place of these separate equipments.
5-128. Procedure

5-129. Power On

Check that the AC input power select card is in the 120 V position. Connect the Unit Under Test (UUT) to a 120
VAC the front witch off. Verify the an AC indi the front panel.

~

Set the power switch to the Standby Position. Verify the oven ready indicator is on.

@

Set the power switch to the on position. Verify that after a warm-up period a display is visible on the CRT.

5-130. Keyboard Check

. Verify that each key has the proper effect by observing the Gen/Mon Mtr Display and entering the frequency
123.4567 MHz and the PL frequency 890, Check for proper cursor key operation.

~

. Verify that the up and down display keys perform properly and that the LED at each display illuminates.

©

Verify that the up and down function keys perform properly and that the LED at each function illuminates.

»

Verify that the up and down modulation keys perform properly and that the LED at each modulation mode illu-
minates.

5131, Nonvolatile Memory
1. Select some random combination of Display, Function, and Modulation Modes. Simultaneously depress both
cursor keys and atter a five second delay tun the system power OFF. Turn the system power back ON and
vertfy that the same Display, Function, and Modulation Modes are present.

5-132. Modulation capability

1. Setthe UUTto Mode Mtr Display. On Mtr Display enter
a DPL code of 111. Select the Oscilloscope Display and connect the Mod Out Jack to the Vert In Jack. Set the
code synthesizer to the Cont PL/DPL Mode. On the scope verify the presence of a DPL waveform whose
amplitude is variable with the code synthesizer level control.

2. Move the Modulation switch from CONT to OFF and verify that a short burst of 133 Hz is output before the
output stops.

531

w

. Without disturbing the Code Synth Lvi Control, tum the Code Synthesizer OFF. Turn ON the 1 kHz Level Con-
trol and adjust for an FM deviation of 7.5 kHz on the CRT display.

4. Connect the Mod Out Jack to the SINAD Input Jack on the UUT. Verify a SINAD reading greater than 25 dB
5. Set the Code Synthesizer to the Continous Mode and verify a SINAD reading 12 dB = 1B
5137, Scan Mode
1. Set the UUT for the Gen/Mon Mtr display. Verify the proper operation of each of the RF Scan switch positions.
5.138. Generate Mode

1. Setthe UUT for the Generate FM Mode at 200 MHz and select the Gen/Mon Mtr display. Verify an RF level
output display on the CRT.

~

Connect the RF millivoltmeter with a 50 ohm termination to the RF In/Out Jack on the UUT. Set the RF step
attenuator to the 0 dB position and adjust the Variable Level control to obtain a displayed output level of +13
dBm. Verify that the RF millvoltmeter reads +13 dBm +2 dBm.

@

Repeat paragraph 5-138.2 except at a center frequency of 800 MHz

a

Increase the RF Step Attenuator setting in 10 dB increments and verify that the displayed RF level decreases
in 10 dB increments.

o

. Set the Code Synthesizer Modulation switch and the Ext Level Control to their respective OFF positions. Select
the Narrow Band mode and adjust the 1 kHz Level Control for a § kHz deviation reading on the CRT display.
Verify a 1 kHz tone at the speaker output.

>

. Connect the Modulation Meter to the RF In/Out Jack on the UUT. Set the Modulation Meter for a deviation
display of § kHz =250 Hz.

~

. Select the Wide Band mode on the UUT and verify that the CRT displays a deviation of 20 kHz. Also verify that
the Modulation Meter shows a peak deviation of 20 kHz = 1 kHz.

®

Select the Modulation Display on the UUT and verify a peak-to-peak modulation display of 40 kHz +2kHz.

©

Select the Generate CW Function and verify that no modulation is present on the CRT.

3

Set the UUT for the Generate AM Function, the Gen/Mon Mtr Display, and adjust for an RF output level of 0
dBm. Adjust the 1 kHz Level Control for a 50% AM reading on the CRT. Verify that the Modulation Meter reads
50% =10% AM

Select the Modulation Display and verify a low distortion 1 kHz sinewave.

Qs

. Set the UUT for the Generate SSB/DSBSC Function and verify a low distortion 1 kHz sinewave on the CRT.

@

. Set the UUT for the Generate SWP 1-10 MHz Function and the Scope DC Display. Verify a horizontal trace and
a center frequency display on the CRT.

>

Set the UUT for the Generate SWP 0.01 - 1 MHz Function and verify the same results as paragraph 5-138.13.



139, Power Monitor Mode

1

~

Set the UUT to the Power Monitor Mode. Set the RF Step Attenuator to the 30 dB position, and select the Gen/
Mon Mir Display. Connect the RF power source to the RF In/Out Jack. Key the power source and verify a
correct power reading on the CRT display. Unkey the power source.

. Set the UUT to the Monitor Function and verify that the RF Step Attenuator is in the 30 dB position. Key the

RF power source and verify the presence of an audible alarm and a warning display on the CRT. Unkey the
power source.

+140.  Monitor Mode
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Set the UUT to the Monitor FM Function. Set the Squelch Control to the OFF position and verify the presence
of a Sig Lvl indication and noise at the speaker. Turn the Squeich Control full on and verify the absence of a Sig
Lviindication and noise at the speaker.

Repeat paragraph 5-140.1 except for the AM function

. Repeat paragraph 5-140.1 except for the SSB/DSBSC Function and enable the BFO. After the test turn the
FO off

BFO

Select the Narrow Band FM Monitor Function at 300 MHz and set the RF Step Attenuator to the 0 0B position,
Connect the RF Signal Generator to the RF In/Out Jack and the SINAD Meter to the Demod Out Jack. Set the
RF Signal Generator for a center frequency of 300 MMz and for 3kHz FM at a 1 kHz rate. Adjust the RF output
level from the Signal Generator for a 10 B reading on the SINAD Meter Verify that the Signal Generator s level
is less than — 103 dBm (1.5 uVrms)

Calibrate the RF Signal generator for 3 kHz FM at 1 kMz s the Modulation Meter. Set the Generator for
a nominal output level of —60 dBm and connect it to the RF In/Out Jack of the UUT. Select the Gen/Mon Mtr
Display and verify a monitor deviation reading of 3 kHz + 150 Hz

Calibrate the RF Signal Generator for 50 kHz FM at a 1 kHz rate. Select the Wice Band Mode on the UUT and
verify a reading of 50 kHz =2.5 kHz on the CRT deviation display.

Calibrate the RF Signal generator for 30 % AM at a 1 kHz rate. Set the Generator for a nominal output level of
—60 dBm and connect it to the RF In/ Out Jack of the UUT. Select the Monitor AM Function and the Narrow
Band Mode. Verify a monitor AM reading of 30% + 5%

Monitor the % AM Displayed on the CRT while increasing the RF level out of the Signal Generator. Verify that
the IF Overload Warning occurs before the displayed AM exceeds a reading of 30% = 5%

Select the Modulation Display on the UUT and verify the presence of the received modulation signal.

Select the Gen/Mon Mtr Display and the Wide Band Mode on the UUT. Vary the center frequency on either the
UUT or the Signal Generator and verity that the Frequency Error Display properly represents the difference
between the UUT's Center frequency and the Signal Generator's center frequency.

Select the IF Display on the UUT and verify the presence of an IF envelope on the CRT.

534

Table 5-6. System Troubleshooting (Cont)

Test Paragraph Fault Troubleshooting Procedure
5-129 System won't turn on 1. Disconnect the high voitage supply from the low
voltage supply at A10P1

Check for nominal voltages of 15 VDC at pin 3 of U2
on the low voltage supply and for +12 VDC at pin 8.
I either voltage is not present replace the low
vottage supply (A1)

2. Reconnect the low voltage/high voltage interface
and check for a nominal +8 VDC on the collectors
of Q3 and Q4. (The actual signal on the collectors is
a0VDC to +18 VDC square wave).
1t 9 volts s not present replace the high voitage
supply (A10).

3.1 items 1 and 2 check okay replace the low voitage
supply (A1)

5-129 System tums on, but no display | 1. Check for presence of high voltage by disconnecting

on the CRT for any display mode |  the CRT anode lead and arcing it to the chassis. If
no arc, replace the high voltage supply.

2. 1f the high voltage supply is okay, replace the CRT.

5130 More than one key is inoperative | 1. Replace the Processor Module (A9)
or has the wrong effect

5130 Only one key is inoperative 1. Replace the defective key switch

5131 Any part of the nonvolatie WARNING
memory fails to remember Lithium Battery

Do not mutilate or disassembie the battery cell. The
lithium metal is a very active material that bums in the
presence of water or high humidity. Do not put the
battery in fire, attempt to charge. heat above 100°C, o
solder directly 1o the cell. Do not overdischarge the cell
10 a reverse voltage greater than 3 voits. The battery
may burst and bum o release hazardous materials.

1. Troubleshooting Instructions:
A. Tum system power switch off and disconnect
the unit from the primary power source.
B. Remove the Processor Module (A9) from the
system and place on a non-conductive surface.
. With a voltmeter measure the DC voltage
across the ithium battery in the lower left comer
of the board.

o
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5.141. Spectrum Analyzer

1. Set the UUT for the Monitor Function at 300 MHz the Spectrum Analyzer Display. and 0 dB input attenuation
Connect the Signal Generator to the RF In/Out Jack on the UUT. Verify a spectral ampiitude of —30 dBm =5
dB on the CRT display. Increase the RF Step Attenuator in 10 dB increments verifying that the spectral ampii
tude decreases by 10 0B =3 dB with each step.

2. Verify the operation of the Dispersion Control.
5-142. Duplex Generator
1. Select the Duplex Generator Display and the Monitor Function at a frequency of 100 MHz. Enable the 45 MHz

offset frequency. For an Image Low switch position verify that a displayed duplex frequency of 55 MHz can be
obtained. Set the Image Switch to the HIGH position and verify a duplex frequency display of 145 MHz

~

Enable the 0 - 10 MHz offset frequency and verify that displayed duplex frequencies from 100 MHz to 110 MHz
can be obtained.

@

Set the UUT to the Generate Function with the Duplex Generator Display. With the Code Synthesizer and the
External Modulation sources OFF. adjust the 1 kHz Level Control for a 20 kHz FM deviation reading on the CRT.
Select the Monitor Function and adjust the offset for a duplex output of 100 MHz. Connect the Duplex
Output Jack to the RF In/Out Jack and verify a 20 kHz + 1 kHz FM deviation reading on the CRT.

5-143. System Troubleshooting

5.144. A troubleshooting procedure is outiined in Table 5-6. Because of the complexity of the System the table cov-
ers only the major failures and provides only a guide to the most probabie failed module. When using the table it is
i use 5123 the fault. The ing table assumes.
that all tests prior to the failure point have been successfully completed and thus the applicable circuits are okay.

5.145. Alist of the system test points and their functions are provided in Table 5-7. Test points are identified on the
block diagrams for the Theory of Operation discussion of paragraph 5-16 and for the Module Descriptions to aid in
troubleshooting

Table 5-6.  System Troubleshooting

Test Paragraph Fault Troubleshooting Procedure
5129 No AC indication 1. Check AC linecord and line fuse.
2. 1f system powers up normally when on, Replace AC
LED.
5129 No Oven Ready indication 1. Check for approximately + 15 VDC at E13 of the

A13 module. If not present replace the Low Voltage
Power Supply (A1).

2. Check E11 of A13 for +9 VDC and E12 for
approximately +7.5 VDC. If E11is okay and E12is
0VDC. replace the LED. If the +9 VDC is not
present on E11 replace A13.
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Table 5-6.  System Troubleshooting (Cont)

Test Paragraph Fault Troubleshooting Procedure

D. If the battery voitage is less than 2.4 volts, the
cellis dischasged and should be replaced. If the
battery is okay, replace the entire Processor
Module (A9).

E. If anew battery is needed, obtain a new cell
(P/NG0-80396A0) from Motorola. Replace the
battery using the procedure in Part 2.

CAUTION
Do not substitute another type ithium battery as a
replacement. The specified battery was chosen with
safety as a major consideration. Other lithium battery
types may present a potential hazard when used in
this system. f
2. Replacement Instructions:
A. Tum system power switch off and disconnect
the unit from the primary power source.
£. Remove the Processor Module (A9) from the
tem and pl - s
C. Cut each of the two wires connecting the
battery to the circuit board near each battery
end.
Remove the battery from the hold-down clip.
Remove the new battery from its shipping
container and put the old battery into the
shipping container. Dispose of the battery as per
Part 3.
With a 40-watt or lower watt soldering iron
remove the old battery leads from the board.
G. Using care not to short the battery leads to
each other or 1o the battery case, install the
battery into the hold-down clip with the negative
lead nearest the left edge of the card (circuit
board connector edge toward you).
H. Solder the leads from the new battery into the
printed wiring board at the points where the old
leads were removed from.
Trim the lead ends and reinstall the module into
the sysfem.

m o
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Table 56 System Troubleshooting (Cont)

Test Paragraph

Fault

Troubleshooting Procedure

5.132

5.132

No DPL (moduiation) signal on
CRT

No external modulation on the
CRT

3. Disposal Instructions
A. Do not dispose of the lithium battery by placing

itin the everyday trash. Lithium batteries are

classified as hazardous material and must be
disposed of accordingly.

Consuit State and Local Codes for the
appropriate procedure to be used for disposal.
C. Motorola will dispose of the battery for you if
you send it in the shipping container and by the
same method that the new battery came to you

to:

Motorola, Inc.

Return Goods Department
1313 East Aigonquin Road
Schaumburg, Il 60196

1. Check TP1 of the Audio Synthesizer for the
presence of the DPL signal. If not present replace
the Audio Synthesizer module.

2. Check for the DPL signal on pin 64 of the Audio
Synthesizer. If not present replace the IEEE
interface module (AB), o check for the presénce of
the jumpers on J8 for the standard unit

3. Check for the DPL signal at TP6 of the Audio
Synthesizer. If not present replace the Audio
Synthesizer (A6).

4. Check for the DPL signal at TP4 of the Scope
Amplfier module (A2). If not present replace the
Scope/DVM control module (A3).

5. M signal switching is okay to the Scope Amplifier

to the scope

information.

1. Check for modulation signal at TP7 of the Audio
Synthesizer module (A6). If not present replace the
Audio Synthesizer module.

Table 5-6.  System Troubleshooting (Cont)

Test Paragraph

Fault

Troubleshooting Procedure

5-135

5135

5-135

No horizontal sweep
See “CAUTION" note
on page 4-19

No vertical display

No vertical snyc

Distortion/SINAD meter
inoperative

No generate output

No Frequency Modulation

1. Check for a voltage level between —2.0 VDC and
+2.0VDC at TP4 of the Scope Amplifier module
(A2). If the voltage cannot be brought within range
with either the vertical range attenuator or the
vertical position control replace the Front Panel
Interface module (A12).

2. I the voltage at TP4 is okay replace the Scope
Amplifier module (A2).

1. Check for the input signal at TP4 of the Scope
Ampiifier Module (A2). If not present replace the
Front Panel Interface Module (A12)

2. It signal is okay at TP4 replace the Scope Ampiifier
Module (A2).

1. Check for the presence of sync pulses at pin 12 of
the Scope/DVM Control moduie (A3) and for a
nominal zero volt sync present level at pin 76. If
either signal is not present replace the Scope/DVM
Control moduie.

2. If sync pulse and the syn present lines are okay
replace the Scope Amplifier Module (A2).

1. 1 the DVM mode checks okay replace the Scope/
DVM Control module (A3).

2. I the DVM mode does not check okay go to the
troubleshooting list for DVM AC inoperative.

1. Remove the RF cable between the RF Synthesizer
(AS) and the RF Input module (A11). Check for a
nominal —10 dBm level at the Synthesizer output. If
0 output replace the RF Synthesizer.

2. If the Synthesizer output is okay replace the RF
input module (A11).

1. Check for modulation signal at pin 56 of the RF
Synthesizer (AS). If the signal is okay replace the RF
Synthesizer

2. If the modulation signal is not present proceed to the

list under “'no DPL.
signal on CRT".

—) e el e ) ol e el et ed e

S S SN S S U T S T |

. il —

R VS R T O S

T b ter e b b G B B B B B B B B B B W S g aem e TP T B Y e e B PR B B B B B b e

Table 5-6. System Troubleshooting (Cont)

Test Paragraph

Fault

Troubleshooting Procedure

5133

5133

Test Paragraph

Frequency Counter inoperative

DVM AC mode is inoperative

DVM DC mode is inoperative

5139 Internal wattmeter in error
5140 No monitor function
5140 Monitor frequency error display
is missing
5140 Monitor frequency error is in
error
5141 No spectrum analyzer sweep
Spectrum display s in error
No duplex output

Table 5-6. System ‘Troubleshooting (Cont)

2. Check for the modulation signal on pin 66 of the

Audio Synthesizer. If not present replace the IEEE
(A8), or check for the pr f
the modulation jumpers on J8 for the standard unit

3. Continue troubleshooting at step 3 of the “no DPL.
signal on the CRT""

1. Check for presence of a 1 kHz singal at TP9 of the
Audio Synthesizer (AB). If not present check for the
10 MHz signal from the Frequency Standard module
(A13)to the RF Synthesizer (AS). If present replace
the RF Synthesizer. If not present replace the
Frequency Standard module.

2. If the 1 kHz signal is present check for the presence
of the signal to be counted at pins 61 and 63 of the
processor I/0 module (A7). If not present replace the
Front Panel Interface Module (A12).

3. If signal is okay up to the Processor /O module
replace the Processor 1/O module.

1. Check for DVM signal at pin 22 of Front Panel
Interface module (A12). If not present replace the
Front Panel Interface module.

2. Check for short bursts of the DVM AC signal at TP2
of the Scope/DVM Control module (A3). If signal is
not present at TP2 replace the Scope/DVM Control
module.

3. If the signal is okay to TP2 of A3, replace the
Processor 1/0 module (A7),

1. Check for the DC input level attenuated by factors of
10 to less than 1 volt at pin 22 of the Front Panel
Interface module (A12). If not present of if greater
than 1 volt, replace the Front Panel Interface
module.

2. Check for same voitage at TP2 of A3. If signal not
present, replace A3.

3. It signal s present at TP, replace Processor /0
module A7

Troubleshooting Procedure

1. Replace RF input module (A11).

1. Apply a 10.7 MHz modulated carrier to the RF input
Check for normal receiver operation except reduced
sensitivity. If receiver is not working replace the
Receiver module (A4)

2. If the receiver checks okay and the generate
function s okay. replace the RF Input module (A11).

1. Go to the troubleshooting list under frequency
counter inoperative’

1. Check for presence of IF signal at pin 91 of the
Scope/DVM Control module (A3). If not present
replace the Receiver module (Ad).

2.1fthe IF signal is present replace the Scope/DVM
Control module.

1. Check pin 6 of the RF Synthesizer module (A5) for a
50 Hz square wave. If not present replace the RF
Synthesizer module.

2.1f 50 Hz signal is present replace the Scope/DVM
Control module (A3).

1. Replace the Receiver module (Ad).

1. Replace the RF Input module (A11).
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Table 5-7. Test Point Identification

Module Test Point No. Signal Name
Al
Low Voltage
Power Supply
A1A1 101 Pulse Width Mod Out
102 Pulse Width Mod Dr
103 HV Source Voltage
A1A2 201 Ground
202 +5VFB
203 -5V
204 +12v
205 -12v
206 +33v
207 +10v
208 -1ov
A1A3
Control Board 301 +8v
302 PWM Dr
303 Error Voltage
304 H.V. Bias Supply Voltage
305 Sawtooth Voltage
306 Chopper DR A
307 Chopper DR B
A1A4
Relay Assembly 401 Batt
402 Frequency Std Sup Voltage
403 Relay +12V
404 Dc Bus
A2 1 Int Horiz Input
Scope Amplifier 2 Horizontal Deflection Plate
3 Horizontal Deflection Plate
4 Vertical Drive
5 Focus TV
6 Vertical Deflection Plate
7 Vertical Deflection Plate
8 CRT Z-Axis
5-42
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Table 5-7.  Test Point Identification (Cont)

Module

Test Point No.

Signal Name

A3
Scope/DVM Control

A6
Audio Synthesizer

A7
Processor 1/0

A9
Processor

A12
Front Panel
Interface

Intensity TV

Time Base Output

Vertical Character Sync

Ext DVM to A'D

+15V

Positive Peak Detector

Int. DVM to AD

Negative Peak Detector
Carrier + MOD Level
Character Gen. Reset

GND

GND

+8V

-8v

Synth DPL Audio

DPL Clock

Unfiltered DPL

Synth. D/A Output

Ground

Composite Modulation Audio
Composite External Mod. Audio
Synthesizer Clock 104, 857 6 Hz
1 kHz Modulation Source
A/D Input

Unfiltered 10.245 MHz T.V.
DVM/Freq. Counter Select
Frequency Counter Input
Not Used

Ground

Dot Clock

Character Row Clock
Character Clock

Enable

Character Line Clock

R/W Select

Char. Gen/Processor Select

Attenuator Buffer Output
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Figure 6-1. Communications System Analyzer
Interconnection Diagram
(Sheet 1 of 4)
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Figure 6-1.  Communications System Analyzer
Interconnection Diagram
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Interconnection Diagram
(Sheet 3 of 4)
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Interconnection Diagram
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Figure 6-3. Communications System Analyzer

Communications System Analyzer, Top View

Parts Location Diagram

21 A W0k

(Sheet 2 of 3)
Find Qty.
No. Req. Part No. Nomenclature Part Value
001 1 1.80305A75 FRONT PANEL ASSEMBLY
002 1 27-P07884V001 CHASSIS. SYSTEM
003 2 MS51957.23 SCREW.PH, CRES 4.40X15
004 2 MS35206.226 SCREW, PH 632X 250
005 3 66602-1 CONTACT PIN
006 " 03139581 SCREW. PH 440x312
007 45 047607 WASHER, FLAT NO.4
008 a8 04114583 WASHER, LOCK NO.4
009 5 MS24693-52¢ SCREW, FLHD 6-32x1/4
010 AR WIRE 22WHT
on AR SNB3WRMAP3 SOLDER
012 1 50083205803 SPEAKER
013 1 26-P07967V001 SHIELD, CRT
o014 1 42.80335A49 BRACKET. CRT SHIELD
o7 6 03.80396A94 SCREW. PH BLACK 1380.32X 437
018 AR MS3367-4-9 STRAP NATURAL
019 2 SE205001S TERMINAL, INSULATED
020 2 MS35206.216 SCREW. PH 1120-40x 438
021 1 9-80331A93 FUSEHOLDER
022 AR 3738 ADHESIVE, CARTRIDGE 45x120
029 1 ATL-4108A MOTHERBOARD ASSEMBLY
030 4 MS35649.262 NUT. HEX 1380-32
034 1 38.80370A52 SEALING CAP
035 1 36-80335A88 KNOB. SPECIAL
036 1 58-80396A79 COUPLING. FLEXIBLE
037 1 47-80331A45 SHAFT. EXTENSION
038 1 15-P07880V001 COVER. TRANSFORMER
040 1 75-80335A51 ISOLATOR. CRT. BOTTOM
041 3 MS24693.268 SCREW, FH BLACK 632X 375
042 2 42.80396A89 FOOT. BATTERY HOLDER
043 2 42.80331A47 FOOT. BATTERY HOLDER. L
045 4 12SW50815 'WASHER. SHOULDER

NYLON

047 4 MS35206-235 SCREW 1380-32X1 250
048 5 03.P07961V009 SCREW. PH ASSEMBLY 6.32x 312
049 28 MS35206-215 SCREW 440X 375
050 8 MS27183-5 WASHER, FLAT NO 6
051 6 4-80335A99 WASHER, FLAT BLACK NO 6
052 6 4.80346A64 WASHER. LOCK BLACK NO 6
053 8 MS35338.41 WASHER, LOCK NO 6
054 10 MS35649.242 NUT, HEX 440
057 2 64-PO0301NOOT PLATE, THREADED
058 1 1-80304A46 CABLE ASSEMBLY A11 A4 107 MMz IF
059 1 1-80305A47 CABLE ASSEMBLY SYNTH A5 A1
060 1 1-80305A48 CABLE ASSEMBLY OFFSET A11MOTHERBOARD
061 1 1-80305A49 CABLE ASSEMBLY 455KHz A4 MOTHERBOARD
062 1 180305450 CABLEASSEMBLY 10245 A4 MOTHERBOARD
063 1 1-80305A51 CABLEASSEMBLY 10MHz  A13/Ad
064 1 64-P06810R001 PLATE. CONNECTOR BLANK
065 AR WIRE. SOLID BUS 6
066 3 2.15159A03 TERMINAL. LUG

Part No. Nomenclature Part Value

@
o ::’; Part No. Nomenclature Part Vaive
068 AR WIRE 16 WHT
069 AR SNE3WRP3 SOLDER
070 AR M23053/5-103-9 INSULATION SLEEVING 093 wHT
on AR WIRE 20 WHT
072 AR TAPE NATURAL
073 AR WIRE 24 WwHT
074 AR INSULATION TAPE, MYLAR 1IN YELLOW
076 AR COMPOUND. THD LKG, BLUETYPE Il GAN 242
077 1 MS35489-9 GROMMET
079 AR ENCAPSULANT SILICONE
080 1 32-P0413§T001 PAD. CRT CLAMP
o081 AR WIRE 20
082 & 661054 SOCKET
083 2 MS35208231 SCREW 6-32X 625
084 2 9226-A-140-10A SPACER 2500 x 381
085 3 33-14232A09 IDENTIFICATION PLATE HIGH VOLTAGE
087 AR WIRE 18 WHT
096 1 1-80305A54 RELAY ASSEMBLY
097 1 1-80305A57 CABLE ASSEMBLY. RIBBON
098 1 1-80305A59 CABLE ASSEMBLY, RIBBON
099 1 1-80305A88 CABLE ASSEMBLY. RIBBON
100 n MS24693-52 SCREW, FH 112-40% 250
101 23 87666-2 'CONTACT, RECEPTACLE
102 1 42-80370A53 CLIP. FLEX NYLON
105 1 66103-2 CONTACT, PIN 22
106 1 87077-2 PLUG. KEYING
107 1 1-80305A53 FAN ASSEMBLY
108 2 9070-NP THUMB NUT. RD-HD
109 2 476155 CLIP. MOUNTING
"2 1 61-80331A44 WINDOW. EMI
n3 1 61-80331A42 CRT, GRATICLE
114 1 26-P0B059V001 SHIELD, FRONT, CRT
15 AR M23053/5-104.C INSULATION SLEEVING 125CLR
n"z AR M23053/5-102-9 INSULATION SLEEVING 063 WHT
18 2 $J-5009 BUMPER WHT B8DIA X 40H
A 001 1 RTP-10054 LOW VOLTAGE PWR SUPPLY A1
A010 1 RTP.1006A HIGH VOLTAGE PWR SUPP A0
A0 1 RTC-10028 RF FRONT END ATl
A012 1 RTL-4086A FRT PANEL INTRF ASSY
AD13 1 RTL-1011A FREQUENCY STANDARD INAT3

F 001 1 65-15161A25 FUSE 250v-8A

F 003 1 65.15161A19 FUSE. CARTRIDGE 250v-112A
J002 1 09-80331A66 CONNECTOR

Jo1o 1 09-80396A¢ 1 CONNECTOR

J0a 1 15-10811A07 CONNECTOR BATTERY 4.PIN MALE
Jo1s 28-80346A45 CONNECTOR POWER INPUT
Jo16 1 9-80346A46 CONNECTOR BLOWER 4 CONTACT
P00  : 1-640440-0 CONNECTOR 10PIN

P 002 1 87483.6 'CONTACT HOUSING-WIRE

T001 1 25-80369A11 TRANSFORMER. LINE

V001 t 96-80396A23 CATHODE RAY TUBE

Figure 6-3. Communications System Analyzer
Parts Location Diagram
(Sheet 3 of 3)
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SECTION 7
LOW VOLTAGE POWER SUPPLY (A1)

7-1. GENERAL. The low voltage power supply (figure 7-1) converts an AC line voltage input or a DC voltage input
to the required DC operating voltages. The power supply is composed of four modules, each module containing a
printed wiring board. These modules are the relay, control, switcher, and output modules. Protection circuits protect
the power supply against short circuits, high internal temperatures, and high and low DC bus voltages.

7-2. INPUT POWER CONTROL. When AC power is applied to the power supply, the output of the AC rectifier and
filter circuit provides the DC bus voltage. An AC sense circuit provides a control voltage when AC power is present
This control voltage isolates the DC voltage input from the DC bus and drives the front panel AC indicator.

7-3. The off, standby, or on operating mode of the power supply is selected by the control circuit. When the analyzer
is off, the frequency standard and chopper generator are off, and the battery charger is on. When the analyzer is in
standby, the chopper generator is off and the frequency standard and battery charger are on. When the analyzer is
on, the frequency standard and chopper generator are on and the battery charger is off. Thus, the battery is charged
when the analyzer is in the off and standby modes of operation. The frequency standard operates in the standby and
on modes of operation.

7-4. The battery charger requires a voltage higher than the nominal DC bus voltage. This increased voltage, 32V, is
provided by the AC boost circult

7-5. To operate the power supply using a DC voltage input, the AC power input must be removed, disabling the AC
sense voltage. When the AC powaer is removed and the analyzer turned off, no power is present on the DC bus. When
the analyzer is switched to the standby mode, the DC relay closes, connecting the DC voltage input to the DC bus
and the supply voltage to the frequency standard. When the analyzer is switched on, the chopper generator is enabled
and normal operation occurs

7-6. DC OUTPUT CONTROL. Regulation of the DC output voltages is accomplished by using the +5volt output
as feedback. This feedback voltage is compared to a stable reference voltage (7.9V). The resuitant control voltage
determines the on time of the pulse width modulator, thus regulating the input voltage to the chopper circuits. The
output transformer winding ratios determine the output voltages with respect to the +5-volt feedback.

7-7. The chopper generator provides a 7-volt reference voltage, a 20-kHz squarewave chopper drive signal, and a
20 kHz triangular waveform  The pulse width modulator has a 50 percent duty cycle. For control voltages that are
above or below the mean DC voltage of the triangular waveform, the duty cycle is proportionately increased or
decreased.

7-8. The filtered DC output from the pulse width modulator is chopped 50 percent through the primary windings of
output transformer T2 at a 20 kHz rate. The DC output is alternately switched between each half of the primary winding
of T2. Current through the primary winding center tap is passed through a current transformer whose output is used
for overcurrent protection.

7-9. PROTECTION CIRCUIT. This power supply is protected from shorted outputs, high internal temperatures,

and high or low DC bus voltage. In each case, the protection circuit pulls the control voltage line low, disabling the
pulse width modulator and shutting down the power supply outputs.
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10. Short circuit protection is provided by monitoring the current in the primary winding of the output transformer
2. When an output is shorted, the primary winding current will increase significantly. This causes the overcurrent
atector to pull the control voltage line low, disabling the pulse width modulator and shutting down the output. With
 output shut down, there is no primary winding current, causing the control voltage line to be released. When the

released, the pu is again ipply outputs are available
3ain. I the short circuit s still present, the shutdown sequence will be repeated. A delay is provided in the overcurrent
stector causing the shutdown sequence to cycie at an approximately 0.5 second rate.

+11. Over temperature protection is provided by a thermal switch. When the temperature of the power supply
<ceeds the setting of the thermal switch, the switch closes, pulling the control voitage line low. disabling the pulse
idth modulator and shutting down the power supply outputs. Normal power supply operation will resume when the
imperature returns to a safe operating level

-12.Protection against high or low DC or AC line inputs is provided by monitoring the DC bus voitage. When the
C bus voltage exceeds 20 vots, or falls below 10 voits, the high/low shutdown circuit pulls the control voltage line
w. disabling the pulse width modulator and shutting down the power supply outputs. When the DC bus voltage
#ums to normal, the power supply will automatically resume normal operation

-13. HIGH VOLTAGE CONTROL.  The HV BIAS V fine and the HV SOURCE V line provide the high voltage power
Jpply A10 with bias voltage and primary power, respectively.

“14. SWITCHER MODULE A1A1. The switcher module (figure 7-4) contains the pulse width modulator and
opper circuits. The input PWM DRIVE signal. from the control module, switches the chopping circuit on and off.
his produces a rectangular wave output which is filtered and applied to transformer choppers A and B. In effect, this
stion regulates the voltage which is applied to transformer T201 on the output module. The PWM OUT signal is a
condary input to the voltage reguiator comparator on the control module.

-15. Transformer choppers A and B are driven by CHOPPER DR A and CHOPPER DR B signals from the control
1odule. Output signals XFMR DR A and XFMR DR B are 180-degrees out-of-phase and XFMR DR A1 and XFMR
R B1 are 180-degrees out-of-phase. An ou:put, HV SOURCE V. from the chopping Gircuit is the primary power source
 the high voltage power supply.

-16. OVP (Overvoltage Protection). The OVP zener is connected to the 5V output from the output module and
Tits the maximum +5 voit level to +6.3 voits

17 OUTPUT MODULE A1A2. The output module (figure 7-8) provides the regulated output voltages and the
urrent sense voltage for the overcurrent protection circuit. Input power is provided by signals XMFR DR A, A", B,
nd B'. These signals are 20 kHz squarewaves and drive the primary windings of transformer T201. After full wave
xctification and filtering, the nominal output voltages are available as shown in figure 7-8.

-18. The primary current of transformer T201 is monitored by transformer T202. The voltage developed across
is full ind or y the CURRENT LIMIT SENSE

ignal the primary T201 prock
202. This increase is applied to the current limit circuit and overcurrent protection i initiated.

-19. Regulation of the output voltage is accompiished by the +5-volt feedback. When the +5-volt output is
squiated, the remaining output voltages wil be regulated because of the tums ratio of the windings between the
utputs. When the -+ 5-volt output is held to one percent regulation, the other outputs will be held to five percent
squiation.

IR S L SR W R W U WP I VP R WA W T T N S W S S T S T S .
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CCONTROL MODULE A1A3. The control module (figure 7-11) provides puise width modulation control and
width is
The i

Pulse
10 the + 5-volt feedback from the
control. This

gle voitage y ¥ pul
The chopper drive outputs are squarewaves and are 180-degrees out-of-phase with each other.

7-22. When the DC BUS voltage is over 20 or under 10 volts DC, the over/under voltage protection circuit pulls the
control voltage signal to the pulsewdth control circuit kow. This action shuts down the pulsewidth modulator

7-23. The soft start circul siows ignal to When the signal
reaches the operating level the soft start circuit is switched out of the control 100p.
7-24. The overcurrent detector compares a signal that is 10 the current n the current t0a

reference. When the current i 100 high. the control signal is pulled low. shutting down the output module. After a
delay, the output module operates again, if the malfunction causing the overcurrent is stil present, the module will
shutdown again. This sequence will cycle at a 0.5 second rate until the malfunction is corrected.

7-25. When the internal temperature of the power supply rises above 85°C, the overtemp shutdown circuit causes.
! shown in table

g0
71
Table 7-1. Control Logic Functions
Input Signals Output Signals
_ ) BauChe | HVBias CLed
Pwr On AC Sense Enable Supply V AC Led Anode Relay Enable*
Low Low. High on off On Low
Low High Low on on off High
High Low Low oft oft off Low
High High High off on off High
“Note that RELAY ENABLE low, does not imply that the relay 1s c0sed. The PV OFF signal on the relay mod-
ule must also be high 1o close the relay.

7-26. RELAY MODULE A1A4. The relay module (figure 7-14) is mounted on one end plate of the power supply.

or 15 applied 1o the module through a line transformer or the DC input. When an AC input is used, the
RELAY ENABLE line is high, the relay is open, and the power supply operates from the AC input. The MAIN AC and
MAIN AC lines receive a 13 5.volt AC rms input from the line transformer. After full wave rectification, the DC power
is routed throughout the power supply on the DC bus. Filtering of the DC power is done on the switcher module.

7-27. Whenthe DC input 1s used, the RELAY ENABLE line is low, the relay is closed, and the power supply operates
from the DC input The battery charge voltage is boosted to 32 volts using the AC bus voltage to bias an AC boost
winding center top

-20. The OVP (Ov ge i ipplied to a 6.2-volt zener assembly.
his provides overvoltage protection to the +5-volt output
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SECTION 8
SCOPE AMPLIFIER (A2)

8-1. General. The Scope Amplifier module contains the horizontal and vertical deflection amps, the horizontal
timebase generator, focus and intensity control circuitry, and miscellaneous CRT bias adjustments. A block diagram
of the Scope Amplifier module is shown in figure 8-1 with its schematic shown in figure 8-2.

8-2. Deflection Amplifiers. The vertical and horizontal deflection amplifiers are identical. The input signal is initially
amplified and split into two signals 180° out of phase. Each of the two signals is then further ampilified to become the
CRT deflection plate signals  The amplifiers provide up to 200 volts peak-peak signal capability with a 1 MHz frequency
bandwidth.

8-3. Horizontal Timebase Generator. The horizontal timebase generator provides calibrated sweep rates over a
six decade range from 1 usec to 100 msec per division. Sweep rate selection is from the processor via the SCOPE
SWP CONT 0-7 signal lines. Vernier control over the sweep rate is via the SWP VERN VOLT input from the front
panel. Sweep triggering is either the auto or normal mode as selected by the AUTO/NOR TRIG SEL line from the front
panel. In the auto mode. if the SYNC PRESENT input is high indicating no sync, the scope sweep is self triggered
after a hold off time. If there is a sync present, the sweep will wait for a pulse on the TRIG PULSE line to start the
sweep after the hold off time. For the normal trigger mode the sweep will always wait for a TRIG PULSE input.

8-4. A sweep cycle consists of two parts, the sweep and the hold off. During the sweep the CRT is unblanked via
the SWP BLANKING line and the horizontal trace is made. At the end of the sweep the CRT is blanked and the hold
off time begins. During the hold off time, which is equal to the sweep time, the sweep generator and trigger circuits
are reset in preparation for the next sweep.

See “CAUTION" note on page 4-19

8-5. Horizontal Switching. The input to the horizontal deflection amp is selected between two sources. The INT
HORIZ IN signal line provides the horizontal character sweep and the horizontal spectrum analyzer sweep. The other
source is the scope mode signal path from the horizontal positioning summing amp. The scope mode signal is either
the output of the Horizontal Timebase Generator or the EXT HORIZ INPUT from the front panel. Selection between
internal horizontal and scope mode horizontal inputs is via the SCOPE MODE EN line from the processor. Selection
between the two scope mode signals is via the EXT HORIZ EN line.

8-6. Intensity Control. A crossover network is used to provide CRT Z-axis modulation from DC to 1 MHz. The
INTEN LVL signal from the front panel control is gated with the SCOPE Z-AXIiS signal by the intensity Level Gate. The
gated signal is summed with the HV REF and INTEN SMPL VOLT signals to provide the INTEN TV signal. The INTEN
TV (Intensity Tracking Voltage) is the low frequency control path which drives the intensity optoisolator in the High
Voitage Supply.

8-7. The high frequency modulation path is via the Z-Axis Modulator circuit. The resulting CRT Z-AXIS signal is
capacitively coupled to the CRT grid.

8-8. Focus Control. The FOCUS TV (Focus Tracking Voltage) signal is obtained by comparing the FOCUS LEVEL
control line to the FOCUS SAMPLE VOLT signal. The tracking voltage signal drives an optoisolator circuit in the High
Voltage Supply which controls the CRT focus voltage.

8-9. Astigmatism, Geometry, and Trace Rotation. These three CRT alignment controls are obtained from the
respective wipers of three potentiometers. Each potentiometer is connected between supply voltages equal to the
adjustment range required.



%
64

58
66,

60
6.

U27.012. 13.17 18

W ] Y Y " 5 2
26 S| VEAT T0 SCOPE APL b d et l YRR L2
: AL VERT DEFL PL §
I 1
|
\ o - U28 024,25 29 30 " w i
HORIZ DEF H
| O SCOPE HORIZ Y Y zoere |,
® | HORiZ POSITION U9 MODE DEFL | HORIZ DEFLPL_!
0§ | extvonzen st AmeL :
50 |
pe | 6x1 HoRIZ INPUT 8/ SWP BLANKING
[EXAL £xT
8 | SCOFE SWP CONTO7 B.4.5.7 1oa2
20, Y SEL
| AUTO/NOR TRIG SEL 10
2 T - U6, U10 %9 5
HOR
& TG PULSE a Y INTEN TV 1
o | SYNCPHES GEN H 8
5 | SWP VERN VOLT P8 |
3 |
@ HORIZ T8 EN Y chr zaus ! N
s INT HORIZ ¥ i
SCOPE MODE EN |
°y P e e e o A 5
n = |
PRNIL INTENSITY CONTROL CIRCUIT s H Y. s
s INTEN SMPL VOLT ! I
z t |
Pl
o3 NENLWL : !
T o3V
WSy Scope zaxs \ b |
TRACE ROTATION ¢
| | A8 1
| | 1
i -1 |
| “100v |
| GEOMETRY |
1 FOCUS LEVEL A% : 2
6 Focus
— FOCUS SAMPLE VOLT | cont o :
2e iy |
A9 L 3
~100v

Figure 8-1. Vertical/Horizontal Scope

Amplifier A2 Block Diagram

8-3

Figure 8-2. Vertical/Horizontal Scope
Amplifier A2 Schematic Diagram

P16



Figure 8-3. Vertical/Horizontal Scope
Amplifier Module A2
(RTC-40078B) Parts Location
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SECTION 9
SCOPE/DVM CONTROL MODULE (A3)

9-1. General. A primary function of the Scope/DVM Control Module is to route the required measurement and
viewing signals to the DVM and scope circuitry. A large portion of the displayed data is determined by the DVM
measurements on internal signal points. Thus for a rapid update of several data displays it is necessary to time division
multiplex several measurements points to the DVM. The DVM control circuitry and the system processor provide this
function.

9-2. The scope control circuitry allows the system to display data information, internal modulation or demodulated
signals, and external scope inputs as selected by the user. Provisions are also made for external horizontal inputs
and a horizontal sweep that is coherent with the sweep generator for spectrum analyzer and filter alignment displays.

9-3. The control module also contains circuitry for single sideband demodulation and a IF phase locked loop for
filtering and waveshaping the IF signal for frequency counting. A block diagram of the Scope/DVM Control module is
shown in figure 9-1 with a schematic shown in figure 9-2.

9-4. Scope Vertical Control. The input to the scope vertical amplifier is switched between four different sources;
the range switch (VERT FROM RNG SW), the vertical character sweep, the spectrum analyzer (SPECT ANA VERT),
or the 455 kHz IF. Range switch inputs are from either the scope vertical input jack on the front panel or the internal
modulation signals as selected by the modulation display control on this module. The vertical character sweep is a
sawtooth waveform generated by the Vertical Character Sweep Generator and synced by the VERT CHAR SYNC
signal from the character generator. The detected and amplified output of the receiver logarithimic IF is the vertical
input for the spectrum analyzer. The remaining signal source is the second IF signal from the receiver for IF envelope
observation.

9-5. For the spectrum analyzer and the scope sweep displays the Dual Display Control and Character Sweep Counter
circuitry allow a single row of characters at the top of the CRT. This function is implemented with the Vertical Sweep
Control by alternating the spectrum analyzer or the range switch signal with the vertical character sweep signal.

9-6. The dual display sequence of events starts with the Synthesizer Sweep Generator which is common to both
display modes. When the synthesizer sweep is near its peak (scope horizontal sweep is at the edge of the screen)
the Dual Display Control activates the CHAR GEN RST line and switches the scope vertical and horizontal inputs to
their character generator sweeps. When the first character line has been traced, a transition on the LINE 1 input from
the character generator resets the character generator sweeps and the character generator, increments the Character
Sweep Counter, and thus causes line 1 to be traced again. This process repeats until four traces, as counted by the
Character Sweep Counter, have been completed. At that point the counter resets the scope inputs back to the spectrum
analyzer or range switch input. During the character display time the synthesizer sweep generator is reset and held
until a transition on the SYNTH SWP SYNC line restarts the sweep. The timing of the process allows for the four
character traces to be completed before the sweep sync occurs.

9-7. SSB Detection. Single Sideband (SSB) modulation is recovered by multiplying the 455 kHz IF signal with a
455 kHz beat frequency oscillator (BFO) signal. The BFO is controlled directly from the front panel and is adjustable
over a 6 kHz frequency range. SSB AUDIO from the multiplier is routed to the receiver for post detection filtering. A
sample of the BFO signal is made available to the frequency counter on the IF/BFO FREQ line for sideband frequency
error determination.

9-8. 455kHz PLL. For monitor frequency error determination a 455 kHz Phase Locked Loop (PLL) is used to filter
and to shape the IF signal. The cleaned up signal is switched with the BFO signal to the frequency counter.
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9-9. Scope Horizontal Control. Swif for the scope horizontal input is divided between two modules. The
time base generator and the external horizontal input are selected on the scope ampiifier module. The Horizontal
Character Sy

weep' tor and P signals Control
INT SCOPE HORIZ signal line.
9-10. For the dual display modes (characters and synthesizer sween) the Horizontal Switch Control switches the
horizontal input betwsen synmeslzel sweep ar nd eep. This wit
. The it trol

the SCOPE MODE EN line to the scope amplifier to enable the scope mode horizontal inputs.

911, . The sweep sigr the izer S is controlied
in ampitude and inrange across the front panel sweep widith control. Attenuations of 1.0 or 0.1 are provided by the
Sweep Width Select circuitry to the sweep signal at the DISPERSION SWP signal line to the top of the width control.
The bottom side of the width control is returned to the Sweep Width Select circuitry via the DISPERSION SWF RTN
line. A 10 to 1 resistor change is made in the return line simultaneously with the attenuator change to give sweep
ranges of 1-10 MHz and 0.01-1 MHz.

9-12. Scope Z-Axis Control. The SCOPE Z-AXIS signal has three possible sources as selected by the Z-Axis
Control circuit. For character displays the Z-Axis signal s the CHAR GEN Z-AXIS from the character generator. The
SWP BLANKING signal from s switched Z-Axis for the scope modes
For the remaining modes, spectrum analyzer and scope sweep. a logic zero level is gated to the Z-Axis input

9-13. Modulation Display Control. internal modulation or demodulated signals are displayed on the scope by
switching the desired signal source to the input ranging switch and then switching the ranging switch output to the
scope vertical input. The INTERNAL SCOPE AND PEAK DETECTOR SELECT circuitry switches DEMOD CAL AUDIO
or AM CARRIER -+ MOD LEVEL or MOD CAL AUDIO to the intemal scope and the peak detectors. The signals are
gain adjusted before exiting the module from the INT SCOPE TO RANGING SWITCH output pin. The gains are
processor selected

9-14. The DEMOD CAL AUDIO signal from the receiver is either AM, FM, or SSB as determined by the operating
mode. The peak signal level on this line is calibrated to 10 kHz/volt for FM and 10%/volt for AM. SSB signals are not
calibrated.

915 For AM the CARRIER + MOD LVL input from the generator output detector provides a direct display of the
modulation. This input is a DC level representative of the average output level plus an AC signal representative of the
amplitude modulation on the output. For the scope modulation display the DC level is blocked so that only the AC
component is observed. This input is uncalibrated for absolute AG levels, but the processor by determining the peak
AC and average DC levels can determine the modulation depth.

916, For FM the MOD CAL AUDIO input from the audio synthesizer is calibrated to 5 kHz/volt for narrow band and
for wide band. C the display calibration attenuator has two gain ranges to maintain the
same display calibration for both narrow and wide band.

9-17. Peak Detector. Each of the modulation and demodulation inputs can be selected to the peak detecting
circuitry for the determination of % AM or kHz deviation. The peak detector circuitry provides DC outputs equal to the
negative and positive peak values of the input signal relative to the average DC level of the signal. These levels are
then digitized by the DVM and input to the processor where the modulation level is determined.

8-18. jtched to INT DVM TO A'D. This signal

is routed to the A7 (VUO&SSO' vnledaoe board) where it is mullw:od with external DVM data to the input of the

analog to digital (A/D) converter. In general several internal measurement points must be input to the A/D converter

to obtain all of Therefore pn DVM SELECT through
stopping at data

1o digt

—_— e e e e e e e e e e e e e e ed e

9:19. The Internal DVM Select switch is followed by a range attenuator. As the processor cycies through the inputs
it sets the range attenuator according 1o the last cycle reading made at that input. Thus each intemal input is auto
ranged over two decades 10 give three digit accuracy up to a maximum input of 10 voits. The internal DVM inputs
and their function are listed in table 9-1

Table 9-1. Internal DVM Inputs
+ Peak Voltage Positive modulation measurements
~ Peak Voltage Negative modulation measurements
Carrier Level RF output level
RFINPUT PWR Power level applied to the RF inputioutput port
EXT FWD PWR Forward power level on extemal inline wattmeter element
EXT RFL PWR element
BATT VOLT Voltage level at DC input jack on the rear panel divided by
10
TEMP SENS VOLT +5V level signal the processor that the RF load temperature
s 00 high
SINAD/DISTORTION IN level proportional to the signal power at the input of the
snmn/msvonncm NOTCH Filter
921 inputs 10 the front panel jack are ranged by

microprocessor control over four decades at the A12 (font panalinerface) module. The resulting output s routed 1o
the DVM FROM RNG SWITCH input of the A3 module. The signal is input 10 the DVM/DISTORTION SELECT crcuitry
and the gain of 6.5 preceding the 1 kHz notch filter.

9-22. Distortion Measurement. _ n the distortion mode the DVM/DISTORTION SELECT circuitry routes the output
of the 1 kHz notch filter to the EXT. DVM to A/D output pin where it is connected to the RMS to DC converter on the
A7 (processor interface) module. The output of the RMS to DC converter is multiplexed to the A/D and read by the

ssor. The input o the notch filter is rectified, fitered and appiied to the INTERNAL DVM SELECT for reading
by the microprocessor (refer to paragraph 9-19). The microprocessor divides the RMS output voltage of the notch
filter by the average rectified input voltage to the notch filter to obtain the percent distortion for a 1 kHz input. The
noteh filter has a microprocessor controlled gain that is switched to either times one or times ten depending on input
distortion and signal levels.

9-23. EXTERNAL DVM MEASUREMENT.  In the external DVM mode the DVM FROM RNG SWITCH input is routed
by the DVM/DISTORTION SELECT circuitry directly to the EXT DVM TO A/D output where it is connected to the
RMS to DC converter on the A7 (microprocessor interface) module. The output of the RMS to DC converter is
multipiexed to the A/D converter where it is read by the microprocessor.

9-24. Module Control. Processor control of the Scope/DVM Control module is via the AF ADD BUS 0-3. the AF
DATA BUS 0-3. and the AF BUS EN 1 signal lines. The four address bits are decoded by the Address Decode to
determine which Control Latch the four bits of data will be latched into. The latching process is synchronized by the
enable fine. Control latches in addition 10 those necessary for controlling the module provide control for the Scope
Amplifier module and part of the RF Input module.
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Figure 9-2. Scope/DVM Control Module A3
Schematic Diagram (Sheet 1 of 4)
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SECTION 10
RECEIVER (A4)

10-1. General. The Receiver down converts the 10.7 MHz first IF signal to 455 kHz. Following the down conversion
a linear or a logarithimic IF amplifier provide the gain prior to AM and FM detectors or the spectrum analyzer detector
respectively. Post detection filtering provides the wide or narrow band responses for the audio outputs. The audio
amplifier for the speaker and the alarm generator are also contained on this module. A block diagram of the Receiver
is shown in figure 10-1 and its schematic in figure 10-2.

10-2. Down Converter. The 10.7 MHz IF signal is converted to 455 kHz by mixing with a 10.245 MHz local oscillator
The local oscillator is phase locked to the system 10 MHz frequency standard. A sample of the 10.245 MHz VCO
signal is output to the Processor I/O module. There the VCO signal is mixed with 10 MHz, the difference is divided by
49, and the result compared with a 5 kHz reference obtained from the 10 MHz. Any frequency difference causes a
correction to be made to the VCO frequency via the 10.245 MHz VCO TV line through the Loop Filter.

10-3. The IF filter following the mixer provides the selectivity for the system. Two bandwidths, =100 kHz wideband
and +13 kHz narrowband, are processor selectable to correspond the front panel bandwidth control.

10-4. Linear IF Amplifier and Detectors. The linear IF Jmplifier amplifies the 455 kHz signal to the AM and FM
detectors. The DC signal from the AM detector is fed to the AGC Amplifier and Squelch Detection circuitry. There it is
compared to the AGC reference with the resulting AGC signal controlling the gain of the IF Ampilifier. For signal present
indication and squelch operation the SQUELCH LVL from the front panel is compared to the AGC voltage. When the
AGC voltage falls below the squelch level, indicating a strong signal, the SIG PRESENT line is activated. With the SIG
PRESENT active the audio is allowed through the select switch and the signal present light on the front panel is
iluminated. To warn the operator when the IF input level is beyond the linear range of the IF amplifier, the AGC voltage
is also compared to a fixed IF overload level. When this level is exceeded, the IF OVLD line is activated causing the
processor to flash the warning on the CRT display.

10-5. The AC component from the AM detector is buffered by the Audio Buffer and then passed to the Audio Select
switch. The lower 3 dB corner on the AM audio response is approximately 100 Hz.

10-6. Frequency modulation is recovered by a dual bandwidth phase locked loop discriminator. The bandwidth, wide
or narrow, is selected coincident with the IF Filter bandwidth. Audio from the discriminator is applied to the Audio
Select switch.

10-7. A 455 kHz Buffer ampilifier provides an interface between the IF Amplifier output and the IF processing circuits
on the Scope/DVM Control module.

10-8. Audio Switching and Filtering. The output of the AM or FM detector or the SSB AUDIO signal from the
Scope/DVM Control module can be selected as the demodulated audio output. Selection is made by the processor
depending on the operating mode and the presence of the active state on the SIG PRESENT line. If the SIG PRESENT
line is not active, the Audio Select switch is opened squelching the audio signal.

10-9. The Audio Filter provides either wide or narrow band filtering on the recovered audio. For wideband a 0.5 dB
bandwidth of 100 kHz is provided while narrowband has a 0.5 dB bandwidth of 3 kHz. The output of the filter is
separately buffered to three signal lines. The DEMOD CAL AUD signal is used on the Scope/DVM Control module for
modulation determination, the DEMOD OUT signal goes to the front panel jack, and the VOL CNTL AUD provides the
drive to the speaker audio amplifier.

10-1



10-10. Logarithmic Amplifier and Detector. For the spectrum analyzer function the logarithmic IF amplifier
processes the input signal level over an 80 dB range. The Amplifier is composed of four 20 dB sections summed
together. Amplitude detection at the output of the amplifier provides the SPECT ANA VERT signal to the Scope/DVM
Control module.

10-11. Alarm Generator and Audio Amplifier. An astable multivibrator operating at 1.2 kHz is the Alarm Generator.
The Alarm signal is controlled by the processor and is summed with the VOL CNTL AUD RTN signal at the input of
the Audio Amplifier. The SPKR AUD output of the amplifier has 0.5 watt capability and is connected directly to the
system speaker.

10-12. Module Control. Address decoding for the two control latches on this module is performed on the

Synthesizer module. The two decoded lines, RF LCH ADD 13 and RF LCH ADD 14, determine which Control Latch
the four bit data bus, RF DATA BUS 0-3, will be stored.

10-2
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Figure 10-1. Receiver A4 Block Diagram

Figure 10-2. Receiver A4 Schematic
Diagram (Sheet 1 of 2)
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SECTION 11
RF SYNTHESIZER (A5)

11-1. General. The RF Synthesizer provides an RF signal source for the frequency range from 10 kHz to 1 GHz
in 100 Hz steps. The output frequency is programmed by the processor through the RF control bus and is phase
locked to the 10 MHz frequency standard. A reference divider in the module produces outputs of 500 kHz, 50 kHz, 5
kHz, 1 kHz, 100 Hz, and 50 Hz (SYNTH SWP SYNC) each having the same accuracy as the frequency standard. A
block diagram of the RF Synthesizer is shown in figure 11-1 and its schematic is shown in figure 11-3.

11-2. Frequency Synthesis Scheme. Four phase locked loops are used to generate the output frequency; a 60.5
MHz loop, a 310-440 MHz loop, the 500 MHz-1000 MHz loop, and the 550 MHz loop. Two of these loops contain
programmable dividers, controlled by the microprocessor for varying the frequency. The 310-440 MHz loop is controlled
by the four most significant digits of the required frequency and operates in discrete 50 kHz increments. The 60.5
MHz loop is controlled by the three least significant digits of the required frequency and operates in discrete 50 Hz
increments.

11-3. The output is derived from three sources, covering the ranges of 10 kHz to 250 MHz, 250 MHz to 500 MHz,
and 500 MHz to 1000 MHz. In the first range, 10 kHz to 250 MHz, the output is derived by mixing the fixed 550 MHz
signal with 500-1000 MHz signal programmed for frequencies from 550.01 MHz to 800 MHz. For the second range,
250 to 500 MHz, the output is a divide by two of the 500-1000 MHz signal. The final range is the 500-1000 MHz
signal directly. The appropriate frequency source is switched to the SYNTH RF output of the Output Select switch.

11-4. A basic flow diagram for programming the RF Synthesizer is shown in figure 11-2. This diagram includes
generate and monitor considerations, wideband ampilifier control, and modulation control.

11-5. 310-440 MHz Phase Locked Loop. A single 310-440 MHz VCO is phase locked to the 100 kHz reference
input using a straight forward loop. The VCO output is divided down to 50 kHz using a programmable two modulus
prescaler and divider. Programming of the divider is controlled by the processor to give output frequencies from 310
to 440 MHz in 50 kHz steps.

11-6. 60.5 MHz Phase Locked Loop. The 60.5 MHz loop is programmable over a + 100 kHz range in 50 Hz
increments. The 60.5 MHz VCO output is mixed with a 50 MHz signal from the 550 MHz loop. A programmable divider
following the mixer divides the 10.5 MHz + 100 kHz signal down to the 50 Hz reference frequency. A comparison
between the divider output and the reference signal by the Phase/Frequency detector results in an error voltage to
the VCO which maintains the phase lock.

11-7. 550 MHz Phase Locked Loop. A fixed frequency of 550 MHz is obtained by dividing the 550 MHz VCO by
55 to obtain 10 MHz. The 10 MHz from the divider is compared with the 10 MHz frequency standard in the Phase/
Frequency Detector. The resulting error signal is filtered and used to correct the 550 MHz VCO to maintain it in lock.

11-8. A Voltage Controlled Attenuator (VCA) follows the 550 MHz output to level the generator output for frequencies
below 1 MHz. The leveling loop in the RF input module provides the ALC VOLT control signal to maintain the required
output level at the front panel RF jack. See paragraph 5-31 for a further description of output leveling.

11-9. 500-1000 MHz Phase Locked Loop. The 500-1000 MHz output is locked to either the sum or the difference
of the 310-440 MHz and 60.5 MHz loop output frequencies. In the locked condition, mixing the divide by two output
of the 500-1000 MHz VCO's with the 310-440 MHz signal gives a difference frequency equal to the 60.5 MHz output.
There are two frequencies at the divide by two output, the 310-440 MHz frequency plus or minus the 60.5 frequency,
which will mix down to the correct frequency. However, the sense of the loop is inverted for one compared to the other.
Thus the phase switch following the Phase/Frequency Detector determines at which frequency the loop will lock.



11-10. Modulation Control. Modulation of the tuning voltage for the 60.5 MHz VCO provides the frequency
modulation of the RF output. Since the modulation sensitivity changes by a factor of two when the 250-500 MHz
source is selected, the modulation control provides programmable gain control to maintain constant sensitivity at the
FM MOD and SWEEP inputs. Additionally, the wideband modulation mode requires a gain of four beyond that for the
narrowband mode. Thus under the control of the processor the Modulation Control selects between the SWEEP and
FM MOD inputs, provides gains of 1, 2, 4, and 8 for the FM MOD input and gains of 1 and 2 for the SWEEP input.
Input modulation sensitivities are 5 kHz/volt and 20 kHz/volt for narrow and wideband FM input and 2 MHz/volt for
the sweep input.

11-11. Module Control. Control information is latched in four bit control latches which are loaded by the processor
through the RF control bus. The four bit RF ADD BUS 0-3 is decoded by the Address Decoder to determine which
Control Latch the four bit RF DATA BUS 0-3 is to be stored. Synchronization of the data transfer is the function of the
RF BUS EN line. Two decoded address outputs, RF LATCH 13 and 14, select latches on the receiver module for
receiver control. One control latch output, LO/HI BAND SEL, goes to the RF Input module to control the frequency
range of the output ampilifier.

11-2
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SECTION 12
AUDIO SYNTHESIZER (A6)

12-1. General. Generation, processing, and control of modulation audio is the function of the Audio Synthesizer
module. Three modulation signals, private line, digital private line, and a fixed 1 kHz, are generated on the board.
Processing for external microphone and BNC jack audio inputs as well as summation of all modulation sources to
form a composite source is provided. Switching of the composite source to the appropriate modulator completes the
function of the Audio Synthesizer. A block diagram of the Audio Synthesizer is shown in figure 12-1 with its schematic
in figure 12-2.

12-2. Private Line Generator. Private line tones from 10 Hz to 10 kHz in 0.1 Hz increments are synthesized using
a phase accumulative technique. Consider the 360 degrees in a cycle to be divided into 22° pieces. A 20 bit digital
accumulator incrementing at some fixed rate could then at any instant represent a fixed point in the 360 cycle. That
is, if the accumulator was half full it would represent the 180° point and if totally full would represent the 360° point.

12-3. The number of times per second that the accumulator goes through its complete cycle determines the output
frequency. If the increment rate is fixed, the time required to accumulate 22° bits can be changed by changing the
number of bits added at each increment time.

12-4. The PL synthesizer increments at a 104 857.6 Hz rate so that if only one bit were added each time, the time
to complete one cycle would be 10 seconds. Processor loaded control latches determine the number of bits to be
added at each increment time and thus the final output frequency. A 20 Bit Adder adds the control word to the current
word in the 20 bit accumulator Latch. At the next increment time the Adder output is latched and becomes the next
input to the Adder.

12-5.  Conversion of the linear digital output of the 20-Bit Latch accumulator into a sinusoidal digital output is the
function of the Decode ROM. A Digital to Analog (D/A) converter following the ROM converts the sinusoidal information
into a quantized sinewave having a period equal to the cycle time of the 20-Bit Latch accumulator.

12-6. A bandpass filter with a 10 Hz to 10 kHz passband filters the quantized waveform to a sinewave having less
than 1% distortion. The level of the sinewave is processor controllable by a programmable attenuator having 0, 10,
20, and 30 dB settings. The output of the PL generator is switched with the output of the DPL generator to give the
INT MOD signal.

12-7. DPL Generator. The 23 bit Digital Private Line (DPL) word is generated by the processor from the 3-digit
code. The 23-bit word is then transferred to a serial shift register and clocked out at a 133 Hz rate. Connecting the
output of the shift register back to its input causes the 23-bit word to be continuously repeated.

12-8. A 133 Hz tone from the PL generator is the DPL clock input. For the DPL output mode the tone is gated to the
clock input of the shift register by the Shift Register Control circuit. During the load mode the Shift Register Control
gates a control latch to the shift register input. Twenty three data bits and clock pulses are then provided by the
processor to load the DPL word. At the completion of the load mode, the Shift Register Control switches back to the
output mode to cause the DPL word to be cycled through the shift register at the 133 Hz rate.
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Figure 12-2.  Audio Synthesizer A6 Schematic
Diagram (Sheet 1 of 2)
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coos 1 2380396440 CAPAGITOR 10UF 25V Ccos9 ' 2182428819 CAPACITOR
coos ' 21-80396A49 CAPABGITOR 1UF-20-100 C 060 ' 20850118 CAPACITOR
co06 1 21.80396A49 CAPAGITOR 1UF-20100 cROOT 1 48180345480 DIODE ZENER
coo7 1 21-80396A49 CAPABITOR 1UF-20-100 cRODZ 1 48180345481 DIODE ZENER
cooe 1 21084494830 CAPABITOR 34PF.5.500 cROO: 1 4BiB0345A81 DIODE ZENER o
€009 1 21-80396A49 CAPABITOR 1UF-20-100 CR005 1 48i84463K02 DIODE
con 1 21.80396A49 CAPAGITOR 1UF-20.100 CROOG 1 4Bi84463K02 DIODE
con 1 2180396449 CAPAGITOR 1UF-20.100 CROO7 1 48184463K02 DIODE
coi2 1 21K863395 CAPACITOR 3000PF-2.500 CROO8 1 4818446302 DIODE
co13 1 21D84494B04 CAPAGITOR 100PF .5.500 CRO09 1 48182256C11 DIODE ZENER 10V-5-4
cos 1 21-80396A49 CAPAGITOR 1UF-20-100 L001 1 24{14198A55 coi A70UH
cois 1 21.80396A49 CAPAGITOR 1UF-20100 [ 1 24114198455 coi 470UH
cos ' 21.80396A49 CAPAGITOR 1UF-20.100 L003 1 2418036931 co 2204
cor 1 21.80396A49 CAPAGITOR 1UF-20.100 Q001 1 48:80368A%2
con 1 21-80396A49 CAPAGITOR 1UF-20-100 Qooz 1 48:80368A91
cois ' 08084326427 CAPAGITOR 0557UF-2.50 0003 ' 4880368A91
co20 1 21D83596€32 CAPACITOR 1100PF.5.200 Q004 1 488036892
coz 1 21-80396A49 CAPABITOR 1UF-20-100 Q005 1 488036891 TRANSISTOR MPS6520 SCREENED
co22 1 21-80396A49 CAPABITOR 1UF.20.100 R001 1 68124A73 RESISTOR 10K-5-1/4
coz3 1 21-80396A49 CAPACITOR 1UF.20-100 R002 1 65124473 RESISTOR 10K.5-1/4
co 1 21.80396A49 CAPAGITOR 1UF.20.100 R 003 1 65124806 RESISTOR 220K.5.1/4
cozs ' 21.80396A49 CAPAGITOR 1UF-20-100 RO 1 65124473 RESISTOR
cozs 1 21.80396A49 CAPACITOR 1UF.20-100 R005 1 65124429 RESISTOR
cozz 1 21-80396A49 CAPAGITOR 1UF-20-100 RO06 ' 0610621894 RESISTOR
cozs 1 21084494803 CAPAGITOR 80PF.5.500 R007 ' 06.30621C23 RESISTOR
coz9 1 21084494816 CAPAGITOR 330PF.5.500 008 1 06.10621C15 RESISTOR
co30 1 21084494824 CAPACITOR 39PF.5.500 R 009 1 0640621894 RESISTOR
coar 1 08084326448 CAPAGITOR 022UF.1.50 RO10 1 65124822 RESISTOR
coz 1 08084326448 CAPAGITOR 022UF.1.50 ROTY 1 65124497 RESISTOR
coa 1 21.80396A49 CAPAGITOR 1UF-20-100 ROI3 1 65120467 RESISTOR
coa 1 21.8039649 APAGITOR 1UF-20-100 RO 1 65120483 RESISTOR
co3s 1 21.80396A49 CAPAGITOR 1UF.20-100 RO1S 1 6S124A77 RESISTOR
cos 1 21.80396449 CAPAGITOR 1UF.20.100 RO6 1 06-10621088 RESISTOR
co37 ' 23-80396A40 CAPACITOR 10UF-28V ROV 1 0610621056 RESISTOR
coss ' 2180396449 CAPACITOR 1UF-20100 RO18 1 06:10621C95 RESISTOR
€039 1 21D84494B07 CAPACITOR 150PF-5-500 RO19 1 0610621C43 RESISTOR
coao 1 21084494807 CAPACITOR 150PF.5.500 R023 ' 65124A73 RESISTOR
coar 1 21.80396A49 CAPAGITOR 1UF-20-100 RO24 1 65124A49 RESISTOR
Co042 ) 21-80396A49 CAPACITOR 1UF-20-100 R025 1 65124818 RESISTOR
coa3 1 23083441815 CAPAGITOR 1.0UF-2035 R026 1 6S124A97 RESISTOR
coaa ' 23083441815 CAPAGITOR 1.0UF-2035 RO27 1 651p4A97 RESISTOR 100K.5-1/4
Figure 12-3. Audio Synthesizer A6 (RTC-4011B)
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Find Oty Find Q% prng, Nomenciature Part Value
"o Req PartMe. Nomenciature Part Value. o, Req.
Aws 1 esuan nemion vos 1 5 INTEGRATEDCIRCUT  SN7ALSUNS SCREENE.
Ros 1 e esision voor 1 sramaant INTEGAATEDCIACUIT  SN74LSOANS SCAEENE
Ro% 1 osiosion Rewnion voe 1 5100098416 ! ur MS2AN SCREENED
RO 1 0610821880 A 1Oa uon il 51-80396A03 2K X8 EPROM
now 1 oe 10621608 newion vou 1 5180068048 MOI1756CP SCAEENE
Ao esiue vois 1 310000808 MC1417500P SCAEENE
Ao ssiss vois 1 S10068048 MC141758CP SCAEENE
Aas 1 osizues vor 1 510008808 MC141758CP SCREENE
new 1 esizunes vore 1 stamesnts WG141756CP SCREENE
R 1 presy vois 1 s1azmsai0 MC14066CP SCREENE
R 1 s v o MC140068CP SCREENE
now 1 es12u0 v 5100096816 2N SCREENED
Row 1 ssiun vz 1 stanmssare s SCREENED
Ao 1 esiaunn v sr280008 MCI4066BCP SCAEENE
now 1 estaunes vae ey MCIAD660CP SCREENE
Row 1 e ves 1 st0300a16 LA24N SCREENED.
Ros 1 a1z vos 1 prpessoey C1400BCP SCREENE.
nows 1 ssrauns v frpessony WC140086CP SCREENE
Rowr 1 esizunas vom 1 e MC140080CP SCREENE
Row 4 ssan vos prpesey WC1ioosecr SCAEENE
Rois 1 sran wow sracanat MC14008CH SCAEENE
Ros 0 esiamas von 1 S1.3034sa01 A0 SCREENED
Rost 1 estwes vz srameane MGH0116GP SCREENE
now 1 esuum v 518000800 WC1400860P SCREENE
nos 1 senwa v Jopeesve MC140119GP SCAEENE
nost 1 ssr2un i vos sra0msare wCHGz8GP SCREENE
nos 1 ssizunas msision vos e G101 10P SCAREENE
noss 1 esi2uns Rension vy sransemse MCHuD420 SCREENED
nor 1 1209 Aesision oo 5100008008 A3 SCAEENED
nos esi2unes esision v s1.0000058 Jramen
oo 1 esiauns nesision voo S10300458 G108 SCREENED
Ao 1 esizan Mesision vou 1 s1.00000058 MC1U0428 SCREENED
nos 1 esizeen nession v 1 S100008058 MG140428 SChEENED
Ao 1 esizuer msision von 1 5100000050 MC140420 SCREENED
noss 1 esizunsr Aession vou 31.00208n0 MC 140420 SCREENED
noss 1 ssizaarr nesion voss 10714884
noss 1 ssizuns nesision vos 5180045404 ‘cAR0E SCREENED
R 1 ooy nesision vor S1.s0045m04 Ao ScREENED
nose 1 ssizens AEsision v @30348407 10T
o onscaamase wex e
e 1 osmsom wex e
w1 ossanase wcx e
wor 1 cosem wex e
oos 1 soamass wox e
woos 1 ppesstyn wexre
w1 o scaamase wex e
waos o s0a1ase wexne
P00 o1 e
v 5180045000 NTEGAATED CRCUT
vz 5180045400 WTEGAATED GIRCUIT
von s1.po7scevoon WregawrED cicuIT
vons 1 51 40368048 WTEGAKTEDCIACUT  MC1a1758CP SCREENE
vos 1 s1.s0258a8 INTEGAATTOCRCUT  MC117S6CP SCREENE

Figure 12-3. Audio Synthesizer A6 (RTC-4011B)
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Fid Q. Ty oo Nomenciature Find  Qty. Nomenciature
No. Req.  PartNo. Nomenciature Part Value No. Reg, PertiNe. Part Value No. Req. PertNo. Part Vaiue
ATCA028A PROCESSOR 1O
o1 ' sao201728000 W8 PROCESSOR 10 coss 1 2100300882 cAPAGITOR 10F.20100 noss es124are REsisTOR s
003 an SOLOER " Ton noso 1 8120073 r0a 10K8.14
o AR e e Ak ' nos0 esi2uany RESISTOR jrereny
05 ' BRACKETPWB MTG ' noe 1 ResisToR 200514
s e MS20470A04 S ver e ' noss 1 ResisTon Freren
w 2 sCB4500803 eveer ' Aot 1 RESISTOR o514
w2 “acezmsn RETANER ' o 1 cxTe et
o 2 19500 scRewsn waonnz ' w1 cxTe wr
co 1 20500082 capaciTon WF20100 ' ooy 1 ke r
com 1 Pp—— camciTon 20100 ' o 1 acxne ot
con 1 218000882 canaciron wr20100 ' s 1 ancxe wr
cos 1 210008082 caPACTOR 010r.20-80200 ' von 1 WTEGRATED CinCUT P SCAEENED
cos 1 21084454800 camcion 10095500 1 vor 1 INTEGRATED CIRCUIT MCSE21P SCREENED
cor 1 230098A34 capaciTon 220r.2035 i vos 1 WTEGAKTED CIRCUT MC101167 SCREENED
com 1 21080451834 capaciron 5500 ' voos 1 INTEGAATED CIRCUIT MC140738CP SCREENE
coo 1 21082187804 capaciron 2006 10500 ' voos 1 WTEGAATED CRCUT 140428 SCREENED
con 1 21.00%0482 caPaciToR Wr2100 ' wor 1 IWTEGRATED CACUIT scaeenen
coz 1 21 s0308a82 caPaCiToR Wr20.100 ' voos 1 WTEGRATED CIRCUT screene
con 21 s0%0ms2 camciTon 10F.20.100 ' vos 1 MC145188CP SCREENE
con 23 80396000 camaciton Tour28v ' vow 1 WTEGAATED CIRCUT MC145180CP SCREENE
cos 1 21203882 caPaGiTOR 10F.20.100 ' von 1C140818CP SCAEENE
cor 218030082 CAPAGITOR 1020100 ' voz 1 MC140816CP SCAEENE
cow 1 camaciTon 10ur.28v ' vos 1 INTEGRATED CIRCUIT MC145126CP SCREENE
cos 21 8030982 canciron 1020100 ' vou INTEGRATED| 7
coo 1 2180009882 capaciton 1028100 ' vos 1 INTEGAATED GIRCUT SNTALSTANS SCREENE
can 2180009882 CAPAGITOR, 10F.20100 ' vois 1 IWTEGRATED CIRCUIT BCP SCAEENE
ca2 2180068882 CAPACITOR 1020100 ' vor 1 INTEGRATED CIRCUIT SNTALS 1IN SCREENED
con 1 2100309882 CAPAGITOR 10F.20100 ' vos INTEGRATED CIRCUIT SNTALS197NS SCREEN
cas 2180396852 TR 10F.20-80.200 1 vos 1 e MC140408CP
cos 218039852 CAPACITOR 01020+ 80.200 ' v INTEGRATED| MG145038CP
car 20009882 WF20100 ' var 1 INTEGRATED CRCUIT MC145038CP SCREENE
con caaciton Tour2sv ' vaz INTEGRATED MC145038CP SCREENE
com 1 210063882 caPAGITOR 10520100 ' ves 1 NTEGRATED CIRCUIT SNTALSOONS
com s 28036982 CAPACITOR, 1W0F-20100 ' vae 1 INTEGRATED CIRCUT MC145096CP SCREENE
cae 2108us482 capaciTon 5500 ' vas 1 e MC140468CP SCREENE
cms 2180098852 CAPAGITOR owr20- 80200 ' v INTEGRATED CIRCUIT #2018 SCAEENED
cow s 2100309882 caPAciToR 10r.20.100 ' var 1 TED CACUT ADSYSARM SCREENED
car 1 21.80096a52 CAPAGITOR 0102080200 ' v 1 o cRcuT LF356N SCREENED
caw 21084454048 camacr 180973500 v INTEGRATED CIACUIT 704C, SCREENED
con 238099600 camciion Tour 287 ven NTEGRATED CIRCUIT LIM308AN SCREENED
coz 1 e caPACiTon 1our 28 van WTEQAATEDCRCUT  MC1403U SCAEENED
cou 1 21003088z camaciTon 1020100 ven T mciomece:
cos P camcITOn 1020120 ven WTEGAATED CIRCUT C140898CP SCREENE
cos 1 2130088882 camciion 1020100 ves 1 WTEGAATED CCUT Lrasen SCREENED.
cor 1 2180088882 capciTon 1020100 ves WTEGAATED CRCUT ScREenED
cow 2100308882 camaciTon 1020100 v INTEGAATED CACUT SNTALS1ON SCREENED.
cos 21803042 capaciton 0# 20100
co 2803882 camaciron 120100
cos 2203582 108 WF20.100
co2 210583082 capaciion 10720100
coss 2803882 canciion 0F 20300
cose pr—— capacrTon 10F.20100
coss 1 21008582 camcin 10720100
coss 1 21 soxsasz CapaciTon 1020100
co 21.00%5882 CAPAGITOR 10F.20100 |
coss 1 28039882 CAPAGITOR 020100 Y
coss 21 8036982 CAPACITOR 1UF.20.100 Figure 13-3. Processor |/O A7 (RTC-4025A)
S o = \ Parts Location Diagram
co 1 2100309882 capaciton 20100 '
co 1 210039482 oACH 10F.20100 ) (Sheet 2 of 2)
cosn 1 210035482 CAPAGITOR 10F.20100 |
cm 1 m Camron o : \
cos 218038m2 camaciTOR 10F.20100 At s12aar nesisTon |




SECTION 14
IEEE INTERFACE MODULE (A8)

14-1. General. Remote control of the system is possible using a IEEE-488 bus and the IEEE Interface Module.
The Interface Module provides the interface for the 488 bus and provides for processor control of most of the func-
tions normally controlled from the front panel. A block diagram of the IEEE Interface Module is shown in figure 14-1
with its schematic shown in figure 14-2. See section 21 for information on the use of the IEEE Bus for system control.

14-2. |EEE Bus Interface. Bus buffering and interface protocol as defined by the IEEE-488 specification is pro-
vided for by the IEEE Bus Interface circuit. The system processor accesses the interface directly through its address,
data, and control buses for reading from or writing to the |EEE bus.

14-3. RF Level Control. The RF Level Control circuitry selects between the 5 VDC + AM MOD or the AM MOD
+ DC REF () input for remote or local control respectively. For remote control the 5 VDC + AM MOD input is elec-
tronically attenuated to provide the requested RF output level. For local control the attenuator is programmed for unity
gain so that the AM MOD + DC REF () signal from the front panel RF level potentiometer controls the RF output
level.

14-4. For the IEEE control option, a electronically programmable RF step attenuator is installed in the system. Con-
trol of the attenuator is then from the processor through the Address Decode and Control Latch circuitry on the Inter-
face Module.

14-5. Modulation Control. Each of the three modulation sources are individually controllable by the IEEE Bus
Interface module. For remote control the respective modulation input (INT MOD (l), EXT MOD (I), and 1 kHz SINE) is
switched to a programmable attenuator. The system processor selects the level of attenuation necessary to provide
the requested level of modulation. For local control the attenuators are programmed for unity gain and the respective
modulation signal from the front panel level control (INT MOD RTN (I), EXT MOD RTN (), and 1 kHz SINE RTN (1)) is
selected to the attenuator to provide modulation level control.

14-6. Address Decode and Control Latches. The system processor has direct control over the programmable

attenuators on the module with the Address Decode and Control Latch circuitry. Control data on the data bus (DO-
D7) is latched at the Control Latch indicated by the address bus (A0-A15).

1441
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z:d g;yq Part No. Nomenclature Part Value :‘:d ::yé. Part No. Nomenciature Part Value
RTC-40138 |EEE INTERFACE RO10 1 06-10621025 RESISTOR 221K-1.18

- ; P ptadfedo oot 1 5180346452 INTEGRATED CIRCUIT MC58488P SCREENED
002 . CNEINRMARS soLoen voto ! 51.80346A63 INTEGRATED CIRCUIT

005 asi iy po - vor ) 5180345431 INTEGRATED CIRCUIT SN74LS365N SCREENE
004 1 07-80335463 BRACKETPWB MTG vz ! 4080509407 swaren

005 . MSICHTOABES VT e vota ' 5180346457 INTEGRATED CIRCUIT SN74LS136N SCREENE
ey § risiey ot von ' 51.80346A57 INTEGRATED CIRCUIT SN74LS138N SCREENE
post ) e ETRINGH vors ) 51.80046A51 INTEGRATED CIRCUIT MC3448 SCREENED
008 2 03139581 SCREWPH 4.40x 312 LK ! 180346451 m SACUIT

o0 - WARE o vor ) 5180346451 N RCUIT

coo ' 21082187849 CAPACITOR 150PF.10.500 uos ! 5180346451 N sl 8aC

Cor iogat6TBe CAPAGITOR {SOPEI800 vz ' 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
cos il ARG Torriine o2 1 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
s . e CAPACITOR 1508910400 vozs 1 51.80346A50 INTEGRATED CIRCUIT MC141748CP SCREENE
Cos 182187808 CABRCITOR e 026 ! 51-80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
oo i iy ey Eeron 220P.10.500 vozr ' 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
Coor , 210387608 it pmesiighipeed voar ' 51-80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
cwi i SBiH7668 ot Pt i voss 51-80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
oo 1 2180396452 CAPKCTOR 10R80+80.508 voss 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
o . o SR CAPAETOR pstgee U036 ' 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
555 o 21 80396452 CAPAGITOR 2IURS0K 80508 uoar 1 51.80346A50 INTEGRATED CIRCUIT MC14174BCP SCREENE
i . il oS3 CARREITOR 1L 88 <8086 Uoda ' 51.80345A98 INTEGRATED CIRCUIT AD7531JPN SCREENED
ol i sy EacaiTon O1UF-20+ 80.200 voss 1 51.80345A98 INTEGRATED CIRCUIT AD7531JPN SCREENED
cos 1 i CASKETOR plipipettoded voss 1 51.80345A98 INTEGRATED CIRCUIT AD7531JPN SCREENED
i bt by i guind voar ' 51.80345A98 INTEGRATED CIRCUIT AD7531JPN SCREENED
cor s 2180396852 CAPRTOR oiliegosi.800 Uoss ) 51.80346A56 INTEGRATED CIRCUIT SN74LS11N SCREENED
S 4 e ARAGTOR, 01UF.30+40800 voss 1 51.80368A20 INTEGRATED CIRCUIT SN74LS245NS SCREEN
o 1 1.80396852 Epaciton i uost ' 51.80068A39 INTEGRATED CIRCUIT MC140538CP SCREENE
w0 i pe— S it vosz 1 51.80368439 INTEGRATED CIRCUIT MC140538CP SCREENE
e iy . 1 80396852 Eraciion oiunas b voss 1 51.80368A11 INTEGRATED CIRCUIT SN74LSONS SCREENE
i o CAPRGTOR bttt e vose 1 51.80346A55 INTEGRATED CIRCUIT SN74LS10N SCREENED
cod . S aOMeASD S piivs i uoss ' 51.80345A04 INTEGRATED CIRCUIT CA3240€ SCREENED
cor 1 2180396452 CAPACITOR 01UF-20+ 80200 uges: 1 180345704 CATMOE

Fids s Eaworron 1R 0200 voss 1 51.80345A04 INTEGRATED CIRCUIT CA3240E SCREENED
cosw 278000652 Easeiron 01UR80+60.800 vosr 1 51-80345A04 INTEGRATED CIRCUIT CA3240€ SCREENED
coso 1 23.80396A40 CAPACITOR 10Ur.25v

cost 1 23.80396A40 CAPACITOR 100F-25V

cos ' 23.80396A40 CAPACITOR 100F- 26V

coss 1 2380396440 CAPACITOR 100F-28v

cROOT 1 48.84463K02 DioDE

cro2 1 488446302 DioDE

cROO3 1 48.84463K02 DIODE

cRO0S 1 48.84453K02 DIoDE

cROOS 1 48.84463K02 DIODE

Jo0 1 0980313409 SOCKET 1PN

3002 ' 09.80331486 SOCKET e

RO01 ' 5180396422 RESISTOR NETWORK HEX SIP.470 OHM

RO02 il 51.80368477 RESISTOR NETWORK HEX SIP

ROGE 1 51-80368478 RESISTOR NETWORK QuAD SIP

ROOS 1 51-80368A78 RESISTOR NETWORK QuAD SIP

ROOS 1 5180368478 RESISTOR NETWORK QUAD SIP

ROOT 1 5180368478 RESISTOR NETWORK QuAD sIP

RooE 1 51-80368A78 RESISTOR NETWORK QuAD sIP

ROOS 1 06 10621025 RESISTOR 21K118

Figure 14-3. |EEE Interface Module A8
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SECTION 15
PROCESSOR MODULE (A9)

15-1. GENERAL. The processor module provides primary control and data manipulations for the system. This
module contains a processor and buffer, a program memory (ROM), a nonvolatile memory (NVM), a random access
memory (RAM), a peripheral interface adapter (PIA), a timing generator, and a character generator. Input and output
information is via the peripheral interface adapter and the address, data, and control buses. A block diagram and a
schematic diagram of the module is shown in figure 15-1 and figure 15-2, respectively.

15.2 PROCESSOR AND BUFFER. The processor is a Motorola microprocessor MC6802, operating at a 1 MHz
clock rate. This microprocessor controls the processor module via the three signal buses. The address bus provides
access to the selected device for data transfers (read/write) from the data bus. Synchronization of the data transfer
and specialized processor functions are provided through the control bus.

15-3. PROGRAM MEMORY (ROM). The series of commands (program instructions) that direct microprocessor
action are contained in the ROM (Read Only Memory). This ROM is comprised of two 8192 X 8-bit read only mem-
orles. An additional 8192 x 8-bit read only memory is provided with the IEEE option.

15-4. NONVOLATILE MEMORY (NVM). The nonvolatile memory provides storage for 1024 four-bit words. Data
that is to be held during power off is held in the NVM, which consists of a battery backed RAM (Random Access
Memory). When the power is turned on, the microprocessor reads the NVM contents to obtain its start up mode, the
RF and tone memory presets, and the remainder of the preset data. If the operator changes a preset, the micropro-
cessor changes the data in the NVM so that the new preset will be remembered.

15-5. RANDOM ACCESS MEMORY (RAM). The random access memory provides temporary storage for both
the processor and the CRT alphanumeric display. The RAM has provision to store 1024 eight-bit words, of which 512
are used for the CRT display data. Data is written into and read out of the RAM by the microprocessor.

15-6. PERIPHERAL INTERFACE ADAPTER (PIA). The peripheral interface adapter provides input and output
latches for external data from/to the processor module. There are nine inputs from the keyboard, four column inputs
(KYBD COL 0-3), and five row inputs (KYBD ROW 0-4). A single input (IEEE OPT DET) signals the processor that the
IEEE option is installed. The AF BUS EN 1 output signal synchronizes the transfer of data on the system AF control
bus.

15-7. TIMING GENERATOR. The timing generator provides the timing signals for the character generator. All of
the timing signals are synchronized to the 1 MHz master clock signal from the processor. A x2 multiplier provides a 2
MHz clock to the 8-bit shift register, which in turn provides the dot clock. Additionally, the 1 MHz is successively divided
through a divide-by-four circuit then through a 12-binary counter to provide the remaining clock requirements.

15-8. CHARACTER GENERATOR. The character generator sequentially accesses that part of the RAM where
character information is stored and causes the respective characters to be displayed on the screen. Since both the
character generator and the processor share the same RAM, the two must be synchronized so they access the RAM
during alternate half cycles of the master clock. The 1 MHz master clock signal, from the processor is used to syn-
chronize the 2 MHz dot clock.

15-9. Characters are displayed on the CRT as eight-by-eight dot matrices. Thirty-two dot matrices, of which the last
two are always blank, make one character line. Sixteen lines, of which the last line is always blank, complete the
display area. Therefore, the total number of matrices available for character display is 30 x 15 or 450 matrices. The
blank matrices and the blank line are used for horizontal and vertical retrace blanking, respectively. The display is
generated by dot rows. As the CRT sweeps the first dot row of a character line, the character generator outputs a
serial bit pattern of 1's and 0's that turn the crt intensity on and off. The result is a row of dots that when combined
with the next seven rows form a character.

15-1



15-10. A select switch, on the data and address buses to the RAM. toggles at the master clock rate of 1 MHz. This
results in the processor and the character generator having access to the RAM alterately every other 0.5 microse-
conds. The processor stores in the RAM an 8-bit word that represent the character to be displayed. The character
generator scans the RAM in sequence with the CRT display scan. As each location in the RAM is addressed, the 8-
bit word stored at that location is latched by the 8-bit latch. Seven of the bits in the latch are applied to the character
ROM, the eighth bit is not used. The timing generator provides 3 bits which indicates which row of dots are being
scanned. The 10 bits applied to the character ROM, define a specific dot row of a particular character. An 8-bit pat-
ter, defining that row of the character, is parallel-loaded into the 8-bit shift register. These 8 bits are serially shifted

out of the register, at a 2 MHz rate, as the CHAR GEN Z-AXIS output signal.
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Figure 15-3.  Processor Module A9
Parts Location Diagram
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SECTION 16
HIGH VOLTAGE POWER SUPPLY (A10)

16-1. GENERAL. CRT bias and drive voltages are provided by the high voltage power supply. The power supply
converts a nominal 15 VDC input to output voltages of +4kV and a —2kV. In addition, control circuits for the CRT
focus and intensity grids are contained in this power supply. The high voltage power supply block and schematic
diagrams are shown in figures 16-1 and 16-2, respectively.

16-2. HIGH VOLTAGE SUPPLY. An 8 VDC at the center tap of the high voltage transformer is switched, through
the transformer primary winding by the chopper, at a 20 kHz rate. The chopper drive signals originate in the low voltage
power supply. One transformer secondary winding provides a 6.3 VAC CRT heater voltage. The other transformer
secondary winding provides a 1 kV to a X4 muitiplier and a X2 multiplier. The output of the X4 multiplier, a nominal
+4 kV is the CRT anode voltage. A nominal —2 kV output of the X2 multiplier is applied to the intensity and focus
modulators. The —2 kV is regulated by comparing a sample of the —2 kV to a 6.3V reference signal. The resultant
signal controls the level of the DC input at the center tap of the high voltage transformer. A bias divider, on the
transformer center tap, provides the HV CHOPPER BIAS signal to the low voltage power supply.

16-3. INTENSITY AND FOCUS CONTROL. An 87V zener diode and a resistive divider circuit provide the intensity
and focus voltages. Each modulator provides variable output voltages, within their bias range, under the control of
the low voltage INTENSITY TV and FOCUS TV input signals. The grid and focus voltages are stabilized by using DC
control loops. The INTENSITY SAMPLE signal and the HV REF signal are compared, on the scope amplifier module,
to an input control signal. The result of this comparison is the INTENSITY TV signal. In a similar manner, the FOCUS
SAMPLE signal is compared, on the scope amplifier module, to the input control signal. This results in the FOCUS
TV signal.

16-1
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i :'.: Part No. Nomenclature Part Value Find aQ?q. Part No. Nomenciature Part Value
RTP.4015A HIGH VOLT PWR SUP

001 1 84.P07879v001 PRINTED WIRING BOA Q007 1 48-80368492 TRANSISTOR MPS6519 SCREENED

002 4 B1534.8.18-5 SPACER.SWAGE 125LG RO001 1 65125824 RESISTOR 12M-5.112

003 6 B1534.8.332.5 SPACER.SWAGE 093LG R 002 1 65125822 RESISTOR 1M5-172

004 6 640206-1 JACK PRINTED CIRCU R 003 1 6512582+ RESISTOR 1.2M-5-172

007 1 MS35206-217 SCREW.PH 1120-40X 500 R 004 1 65124A2 RESISTOR 150-5-1/4

008 1 02-7019 NUT 1120-40 R 005 1 65124818 RESISTOR B680K-5-1/4

010 R 2 MS35206-329 SCREW 1380-32x1 375 R 006 1 65124822 RESISTOR 1M-5-1/4

on 1 MS27183-5 WASHER FL 156 R007 1 6S124B22 RESISTOR 1M-5-1/4

012 1 KF2.632 NUT.CLINCH 6.32 R 008 1 6-80331A37 RESISTOR 20M-1-1

014 1 42-15031A60 CLAMP.LOOP NYLON R 009 1 6S124A97 RESISTOR 100K-5-1/4

015 1 04-7607 'WASHER FLAT 125 RO10 1 6S124A80 RESISTOR A7K-5-1/4

016 1 04.114583 'WASHER,LOCK "2 RON 1 65124A20 RESISTOR 150-5-1/4

017 1 MS35489-4 ‘GROMMET.RUBBER RO12 1 6S124A97 RESISTOR 100K-5-1/4

018 AR SNE3WRP3 SOLDER RO13 1 65124A97 RESISTOR 100K-5-1/4

019 AR 11.14167A01 INK BLACK RO14 1 65124816 RESISTOR 560K-5-1/4

020 AR WIRE SOLID #26 WHT RO1S 1 6S124A97 RESISTOR 100K-5-1/4

021 AR RTV3140 COATING.SILICONE RO016 1 65124822 RESISTOR 1M-5-1/4

022 AR INSULATION SLEEVIN w24 WHT ROV7 1 6-80331A37 RESISTOR 20M-1-1

coo1 1 21-80369A82 CAPACITOR 1UF.20-100 RO19 1 06-10621E48 RESISTOR 412¢-1.1/8

C 002 1 21-80396A52 CAPACITOR 01UF-20 + 80-200 R 020 1 65124822 RESISTOR 1M-5-1/4

€003 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV RO21 1 06-10621052 RESISTOR 42261178

C 004 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R 022 1 6S124A73 RESISTOR 10K-5-1/4

€005 1 21D8B3596E19 CAPACITOR 01UF + 80-20-3KV R023 1 65125822 RESISTOR 1M-5-172

C 006 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R 024 1 B6S124AT2 RESISTOR 10K-5-1/4

€007 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R025 1 6S124A73 RESISTOR 10K-5-1/4

C 008 1 21-80369A80 CAPACITOR 0047-6000 R 026 1 6-80331A37 RESISTOR 20M-1-1

C 009 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R027 1 6S126A25 RESISTOR

co 1 21DB3596E19 CAPACITOR 01UF + 80-20-3KV R 028 1 6S124A01 RESISTOR

con 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R 029 1 6S124AT1 RESISTOR

co12 1 21D83596E19 CAPACITOR 01UF + 80-20-3KV R 030 1 06-10621481 RESISTOR

co013 1 21-80370A30 CAPACITOR B82PF 3KV R034 1 06-10621C91 RESISTOR

co4 1 21-80396A51 CAPACITOR 1000PF-10-100 R 035 1 06-10621C93 RESISTOR

co15 1 23-80369A79 CAPACITOR ATUF.50V R 036 1 06-10621E85 RESISTOR

C016 1 21DB2428836 CAPACITOR 2000PF -10-200 R 037 ] 18083452F 33 RESISTOR.VARIABLE

co7 1 23-80396A40 CAPACITOR 10UF .25V R 038 1 06-10621D54 RESISTOR 44261118

cos 1 21D82428819 CAPACITOR 01UF.20-500 R 039, 1 6S124A49 RESISTOR 1K-5-1/4

co1s 1 21-80369A82 CAPACITOR 1UF-20-100 To01 1 25-80369A13 TRANSFORMER

€020 1 21-80369A82 CAPACITOR 1UF-20-100 u oo 1 5

co21 1 23-80369A73 CAPACITOR 100UF-35V U002 1 51.

co023 1 21DB3596E 19 CAPACITOR 01MF.IKV o003 1 51-80345A02 INTEGRATED CIRCUIT ‘CA3160€ SCREENED

CROO1 1 48-84463K02 DIODE VR001 L | 48-80345A86 DIODE.ZENER B87V-5.5

CR002 1 48-84463K02 DIODE 'VR002 1 48-80345A87 DIODE ZENER 150V-5-5

‘CRO03 1 48-80345A63 DIODE VR003 X 48-80368A98 DIODE.ZENER 62v-5-4

CROO4 1 48-80345A63 DIODE VR004 1 48-83461E13 DIODE.ZENER

CRO005 1 48-80345A63 DIODE

CRO06 1 48-80345A63 DIODE

CROO7 1 48-80345A63 DIODE

croos 1 48-80345A63 DIODE RTP-4015A

Joo1 1 09-80331A95 SOCKET.SOLDER DIP BPIN

P 005 1 01-80350A53 LEAD ASSEMBLYHV Figure 16-5. High Voltage Power Supply

Qoo 1 48-80341A45 TRANSISTOR 2

Qo2 ' 48-80341A46 TRANSISTOR MPS.D51 SCREENED A10 PWB Parts Location

Q006 i 48-80368A87 TRANSISTOR

Diagram (Sheet 2 of 2)



SECTION 17
RF INPUT MODULE (A11)

17-1. General. The RF Input Module is subdivided into three isolated circuits; input protection and power meter,
wideband amplifier and frequency converter, and duplex generator. A block diagram of the RF Input Module is shown
In figure 17-1 with its schematic shown in figure 17-2.

17-2. Input Protection and Power Meter. RF power to and from the system pass through this section to a common
Input/output RF connector (RF In/Out) attached to the module. In the generate or monitor operating modes the input
protection relay is switched so that a low-loss 50-ohm path exists through the module. When the power monitor mode
Is selected, the WATT MTR EN line switches the relay so that the input is connected to a 50 ohm power termination.
A detector across a portion of the load provides a DC level proportional to the input RF level. This level is amplified
and made available to the system processor for the determination of input power. A terminal sensor monitors the load
temperature and signals the processor when safe operating limits are exceeded. The processor in turn warns the
operator that the RF input to the unit must be removed to prevent permanent damage.

17-3. If power in excess of 200 mW is applied to the system while operating in either the generate or monitor mode.
the input is automatically switched to the 50 ohm load termination to protect the system. A signal line (INPUT PROTECT
ACT) to the processor results in an audible and visual warning to the operator that the unit is in a protected mode.
The warning ceases and normal operation resumes if the RF input is removed or if the power monitor mode is selected.

17-4. Wideband Amplifier and Frequency Converter. The wideband amplifier provides a leveled RF output from

3dBm to +13 dBmin the generate mode and a —7 dBm LO drive in the monitor modes over the 10 KHz to 1 GHz
frequency range. Primary components of the leveling loop are; the input VCA (Voitage Controlled Attenuator), the
output level detector, and the level comparator. A level control voltage, proportional to the desired output level is
compared to the actual output level as determined by the level detector. The result of the comparison steers the VCA
maintaining the detected output level equal to the requested output ievel. In the generate mode the control voltage is
obtained from the front panel RF level control (AM Mod + DC REF). For generate AM, the modulation signal is summed
with the DC control level, causing the RF output level to follow the modulation signal. Also, in the generate mode the
signal from the output level detector (CARRIER + MOD LVL) is made available for the determination of RF output
power and percent of AM. A fixed reference voltage is switched to the level control input in the monitor modes giving
a leveled +7 dBm local oscillator drive.

17-5. The VCA on the wideband amplifier board covers the frequency range from 1 MHz to 1 GHz. For frequencies
below 1 MHz, the VCA select circuit clamps the VCA in the minimum position and enables a low frequency VCA in
the RF Synthesizer. Coincident with the enabling of the low frequency VCA, the time constant of the output RF level
detector is increased assuring proper operation down to 10 kHz.

17-6. The wideband amplifier output is relay switched between the local oscillator port of the input mixer for the
monitor and generate DSBSC modes, and the RF attenuator for the generate mode. An RF sample from the mixer
local oscillator output terminal, at a nominal level of —20 dBm, is provided to the duplex generator.

17-7. The frequency converter section consists of the input mixer, the first IF amplifier, and IF filters. In the monitor
mode the desired signal is converted to 10.7 MHz by the input mixer. A two-pole input filter, IF amplifier, and a four-
pole output filter select the 10.7 MHz component at the mixer output. The 10.7 MHz IF output of the converter is
applied to the receive module.

17-8. For DSBSC generator the modulation audio is applied to the IF port of the input mixer through an isolation

network. With the output of the wideband amplifier switched to the local oscillator port, a DSBSC signal is present at
the RF port. Switching the Step Attenuator to the RF output port makes the DSBSC signal available at the RF output.

17-1



17.9. Duplex Generator. The Duplex Generator output is a frequency component that is offset from the system
monitor frequency by 0 to 10 MHz or by 45 MHz. The offset is obtained by mixing the —20 dBm local oscillator signal
from the wideband amp, which is already offset by 10.7 MHz, with a signal frequency from 10.7 MHz to 0.7 MHz or
34.3 MHz.

17-10. For the 3433MHz mixing signal. a single VCO is used. Tuning of the VCO is with the OFFSET FINE TUNE
line from the front panel. Frequency modulation of the VCO is implemented by summing the OFFSET MOD signal
with the tuning voltage.

17-11.  For the 0.7 MHz to 10.7 MHz mixing signal a VCO with a frequency range from 35 MHz to 45 MHz is mixed
with the 34.3 MHz VCO. The 35-45 MHz VCO is tuned by the OFFSET COARSE TUNE line from the front panel.

17-12. A sample of the offset frequency is made available to the frequency counter on the OFFSET FREQ line. The
processor uses the frequency information to calculate and display the actual duplex frequency

17-2
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SECTION 18
FRONT PANEL INTERFACE MODULE (A12)

18-1. GENERAL. The front panel interface module contains the input buffers for front panel control to the processor.
In addition, buffering and ranging circuits for external scope vertical/horizontal, SINAD, DVM, and frequency counter
inputs are in this module. A block diagram and schematic diagram of the Front Panel Interface Module is shown in
figures 18-1 and 18-2, respectively.

18-2. Input Coupling and Ranging. Scope inputs to the Range Attenuator are from the front panel jack (EXT IN)
or from the internal modulation sources (INT SCOPE TO RNG SW). An INT/EXT relay selects the input path. The
external path may be AC or DC coupled and is also the path for external DVM, Frequency Counter, and SINAD inputs.

18-3. Four decades of attenuation from 1.0 to 0.001 are provided by the Range Attenuator. The input impedance of
the attenuator is 1.0 megohm compensated for a bandwidth of 1 MHz. A unity gain buffer amp following the attenuator
provides the drive for the DVM, Frequency Counter, and scope Vertical Preamp circuits.

18-4. DVMBuffer. For DC measurements the DVM Buffer provides a 2-pole low pass filter with a minimum of 30
dB attentuation at 50 Hz. For AC measurements the bandwidth of the buffer is switched so that the attenuation at 10
kHz is less than 0.5 dB.

18-5. Frequency Counter Preamp. The frequency Counter Preamp has sufficient gain for 30 mV rms sensitivity
and provides hystersis for noise immunity.

18-6. Scope Vertical Preamp. A calibrated gain of 50 or a variable gain from 5 to 50 is provided by the Vertical
Preamp. The gain is controlled from the front panel. From vertical smopepositioning the DC bias point of the preamp
is controlled by the front panel position control. Deflection sensitivity at the VERT FROM RNG SW output is 0.5 volt
per division.

18-7. Scope Horizontal Preamp. A fixed gain of 5 in the Horizontal Preamp gives a horizontal input sensitivity of
0.1 volt per division. Horizontal vernier gain is implemented on the front panel, and horizontal positioning on the Scope
Amplifier module. Deflection sensitivity at the HORIZ TO SCOPE AMPL is 0.5 volt per division

18-8. Control and Display Interface. Front panel control information is input to the processor in 4-bit groups
through the AF control bus. Priority encoders convert the multiposition switch positions (scope horizontal, frequency
scan, and RF step attenuator) to 4-bit codes. The processor sequentially addresses each input buffer (AF ADRS BUS
0-3) through the Address Decoder. Data in the selected buffer is then transferred to the processor on the AF DATA
BUS 0-3 lines while the AF BUS EN 2 signal is low. Two additional latches provide the processor control interface for
the Range Attenuator, input switching, and DVM Buffer control.

18-9. AF BUS. The AF Bus consists of a 4-bit tri-state bus data AF DATA BUS 0-3 and a 4-bit address bus AF
ADD BUS 0-3. Individual input/output bus locations are addressed by AF ADD BUS 0-3. When AF BUS EN 2 is low,
the function of the AF DATA BUS lines are determined by the address present on the AF ADD BUS lines

18-10. LED CONTROL. Control output to the display, function, and_modulation mode LEDs is by the AF BUS
addressed 0, 1, and 2, respectively. Latch select outputs LSO, LS1, and LS2 are low to latch data present on the AF
DATA BUS when the corresponsing address is enabled on the AF ADD BUS. These latch select outputs and the AF
DATA BUS are connected to the LED display board A14A1.

18-1
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Find Oty Nomenclature Flad 3 Nomenclature e ow Nomenctature
Moo Req PN Part Value Moo Req PariNe. Part Value No.  Req PtNe Part Valve
ATLa006A P wTERraCE .

oo ' 84.p07847v00) PWE FRONT PANEL | TRANSISTOR WPS6520 SCREENED Aos RESISTOR 190814
oo AR SMEIwRMAPY souoer TRANSISTOR 56520 Aoso 1 RESISTOR PN
o0 e i TRANSISTOR MPS6520 SCREENED Ros RESISTOR
con 1 201029 capaciron TRANSS10R MPS6520 SCREENED Rosz RESISTOR
co 38039684 capnc TAANSISTOR 56520 SCRE Ao 515
cws oe3ac' capaciion TRANSISTOR MPS8520 SCREENED Rose 3 RESISTOR VARIABLE
co o033684 CAPACITOR TRANSISTOR NPS6520 SCREENED Ross 1 RESISTOR VARIABLE
coos 1 7 cAPACITOR TAANSISTOR MPS6520 SCREENED RO RESISTOR
cos 1 23002307023 i10n TAANSISTOR MPS6519 SCREENED Aost Aes P
cor 2809649 capaciTon RaxsisTOR Aoss RESISTOR 0514
cow 210820280 caPacrron TRANSISTOR Ao 1 RCSISTOR 0514
con CAPAGITOR TRANSISTOR R0 1 SiSTOR. w0514
coz ? capaciTon TRANSISTOR WPS8520 SCREENED nost si2ema RESISTOR osie
con cancr TAANSISTOR WPS6520 SCREENED Aoz 5120801 RESISTOR 0514
cou 1 capciton RESISIOR povens Ao 5120801 as1a
cos CAPACITOR RESISTOR amsae Aot ss12en ResisTon ms1e
cow camciron RESISTOR amsia Ross 5120000 RESISTOR reen
cor capaciton RESISTOR RO 1| 51e0aeeam Ress: 00
cos canacrron ST R 1 5100068400 ResisTOR 10
cow 1 canciion RESISTOR noss 5180000080 AEsSTOR 10
coo 1 canaciton AESiSTOR Ao 1 51.00%68A80 ne: 100
con capaciTon REsISTOR R 1 51.00060080 ResisToR 10
coz 1 capciron sesisTon Ao 5180068800 RessTOR 10
cos o canaciton agsisToR Aoz 1 518060080 ResisTOR 10
cos 1 capaciror RESISTOR nonm ey e 20518
con, 1 camcy RESISTOR RO ' 65124A59. RESISTOR 2700514
cas capaciion RESISTOR aos 1 es120a80 ResisTon '
cwr capaciron RESIST Rus 1 512013 Resis1on x84
com s camaciToR RESISTOR VARUBLE oy 1480 acx e wr
cos 1 TR 0502025 sisT von o INTEGRATED CIRCUIT LMOA1P.80SCREENE
cow canaciton 1020100 RESISTOR vz 518045407 INTEGRATED CIRCUIT L320MP_8 0 SCREEN
con cAPACITOR 10F.20100 RESISTOR v 1 5 INTEGAATED CIAGUIT CASNBOE SCREENED
cox 3 CAPACITOR 10F.20.100 REsisTOR vo 1 51.00345804 INTEGRATED CIRCUIT (CA3240€ SCREENED
com iTon aur2010 RESISTOR vos 5 INTEGRATED CIRCUIT
cow capacion aur2010 RESISTOR VARIAB voos 1 5182004000 INTEGRATED CIRCUIT et SCREENE
cos capaciion 390PF.10.500 RESISTOR vor 1 51 INTEGRATED C MC10116P SCREENED
cws CAPAGITOR 3000710500 RESISTOR vos 51.00008058 INTEGAATED CIRCUIT MC14042B SCREENED
cRoor 1 oi00e RESISTOR vos 5. INTEGRATED CIRCUIT MC140428 SCREENED
cRoz 1 000€ RESISTOR voo 1 510036851 INTEGRATED CIRCUIT MC14532BCP SCREENE
croos 000 REsIST von v 1-80368A51 INTEGRATED CIRCUIT MC14532BCP SCREENE
cRos 1 owoe RESISTOR voz 1 5180008003 e ciRcu MCI4OTIBCP SCREENE
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SECTION 19
10 MHz FREQUENCY STANDARD MODULE (A13)

19-1. QGeneral. The frequency Standard Module provides a stable 10 MHz source and the interface for an external
10 MHz input. A block diagram of the Frequency Standard Module is shown in figure 19-1 with its schematic shown
In figure 19-2.

19-2. 10 MHz Oscillator and Control. The internal 10 MHz source is either a temperature compensated crystal
osclllator (TCXO) or an optional ovenized crystal oscillator (OVXO). A voltage regulator on the module supplies the
voltage to the oscillator and monitors the supply current. For the ovenized option, at power on, the oven draws high
current. As the oven warms up the current decreases, reacring some low value when the operating temperature has
been reached. A current detector illuminates the oven ready indicator when the current has decreased to the stabilized
value. The indicator is continuously illuminated with the TCXO.

19-3. Internal/External Switchover. With no signal at the external 10 MHz input jack, the internal oscillator is gated
to the SYNTH 10 MHz and the external 10 MHz OUT signal paths. When an external 10 MHz input is applied the
switchover circuitry detects its presence, removes the power from the internal oscillator, and gates the external input
to the SYNTH 10 MHz and external 10 MHz OUT signal paths. The oven ready indicator is extinguished when the
system is operating from an external standard.
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SECTION 20
FRONT PANEL (A14)

20-1. GENERAL. The front panel assembly consists of a dispiay board module and the analyzer operating switches
and controls. A schematic diagram of the front panel assembly is shown in figure 20-1.

20-2. DISPLAY BOARD. The display board holds and decodes LED data. A display of 27 LEDs is driven by 24
drivers and three inputs from external sources. The keyboard is a 5-row by 4-column matrix of momentary contact
switches. Jumper connections on the board are used to route signals between connectors. The display board consists
of three latch/decoders, 24 LED drivers, and a 27 LED display. A display board block diagram is shown in figure 20-
2.

20-3. The three latch/decoders hold and decode input data from the AF DATA BUS 0-3. Signals LS0-LS2 are latch
selects that transfer data from the AF DATA BUS 0-3 to the corresponding latch. Only one LED at a time can be turned
on by any of the three latch selects. Each driver is an open-collector device which sinks current through its respective
LED.

20-1
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Figure 20-2. Front Panel A14 (01-80305A64) Parts
Location Diagram (Sheet 2 of 3)



Figure 20-2  Front Panel A14 (01-80305A64) Parts
Location Diagram (Sheet 3 of 3)
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SECTION 21
IEEE — 488 BUS CONTROL

211, INTRODUCTION

#1-2. The IEEE Interface Option enables the use of the Communications System Analyzer as a programmable
measurement instrument. When combined with a suitable programmable controller and applications software, the
major functions of the analyzer can be controlled or monitored via an IEEE-488 standard digital interface. Thus,
repstitive test routines can be performed and the data recorded quickly and accurately with little operator interaction.

21.3. The interface characteristics conform to the specifications of the IEEE Standard Digital Interface for
Programmable Instrumentation (IEEE Standard 488) which defines both the electrical and the mechanical interface.
Control protocol is also defined by the specification. Control commands which are unique to the analyzer are described
In detall in the following paragraphs of this section.

214, The controller for this application should be capable of reading and writing ASCIl and control characters from
and to the bus in accordance with the 488 specification. Application software is the user's responsibility as dictated
by the controller selected, although interface and application assistance is available from Motorola.

21.5. The IEEE option package consists of an IEEE Interface module (A8) with a rear panel connector, an electrically
programmable RF attenuator in place of the step attenuator on the RF Input Module (A11), a fourteen position rotary
switch on the front panel in place of the step attenuator shaft, and one additional ROM memory IC on the Processor
module (A9).

21-8. While in the local mode the IEEE-488 equipped system operates and performs the same as a standard system,
exocept the maximum RF output level is reduced to +11 dBm from +13 dBm. However, when the Remote Enable
(REN) line on the IEEE Bus is activated many of the front panel controls are disabled and their functions placed under
bus control. Refer to table 21-1 for a listing of those functions which can be controlled or monitored via the 488 Bus.
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Table 21-1. |EEE-488 Interface Controllable Functions
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NON-CONTROLLABLE FUNCTIONS
it i theinter- not in the interface due to their

local operator orientation. A list of these oper-

ment capability, certain front panel controls are ator oriented controls are as follows:

Power On/Off

Power Mode Indicators

Scope Vertical Position
Scope Horizontal Position

Display Focus Recsiver Squelch

Display Intensity Receiver Volume

Dispersion/Sweep Zero Beat Indicator Attenuator
Scope/DVM Vertical Vernier RF Scan

Scope Trigger Level RF Memory Table

Scope Trigger Slope
Scope Horizontal Sweep Vernier

Offset

Deviation Limit

Battery Voltage Reading

Deviation Limit Alarm (Disabled
Under Remote Control)

0 Indicator

Battery Below Limit Warning
BFO Frequency Adjust
Oscillator

Adjust
Mobile Telephone Tone 1 and

Tone 2 Frequencies
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21-7. |EEE-488 BUS STRUCTURE

218, briefly describes the 488 Bus operation. i
structure or capability. For complete information a copy of IEEE Standard 488 should be obtained.

'g

the total bus

21-9. Bus Signals. The IEEE-488 Bus consists of 16 parallel lines. The lines are divided into three groups. Lines
D101-D108, Data Input Output, form the 8-bit data bus for the bidirectional transfer of control and ASCII characters.
Three handshake lines, Data Valid (DAV), Not Ready for Data (NRFD), and Not Data Accepted (NDAC), control the
transfer of data on the data bus. The remaining five lines can be termed the bus management lines with functions as
follows:

Attention (ATN) — When true the data bus carries an address or a command when
false it carries data.
Interface Clear (IFC) — When true all devices on the bus are placed in a known quiescent

state.
— Indicates a device on the bus needs service.
— Enables the remote control feature of the devices on the bus.
— Indicates the end of a multiple byte transfer.

Service Request (SRQ)
Remote Enabie (REN)
End or Indentify (EOI)

21-10. Data Tran: Each byte of data that is transferred across is with a

procedure. This procedure allows devices with different data transfer rates to share the same bus. The handshake
cycle starts when the source device which has data to transfer checks for a faise condition on the NRFD line. When
NRFD is false, all devices on the bus are ready to accept data. The source then puts the data onto the data bus and
sets the DAV to its true state. The acceptor devices inputs the data, sets the NRFD line to its true state, and when
ready set the NDAC line to its false state. Because the NRFD and NDAC lines are wire-ORed the line will not go to the
false state until all Gevices on the bus have released the line. Thus the slowest device on the bus determines the
transfer rate. When the NDAC line goes false the source devices set the DAV false which in tumn causes the acceptor
devices to set the NDAC line true. When the acceptor devices have completed processing the data byte just received
they allow the NRFD line to go to the false state completing the handshake. As the data transfer contines the cycle
repeats for each data byte.

21-11. Bus Address. Each device on the bus is assigned a four bit address by the programmer. The address
assigned to the device is set by an address switch within the device. On the analyzer the address switch is on the
IEEE Interface Module. Only the top four switches are used to set the address. The fifth switch is unused. To set the
address use the binary equivalent of the address number and set the switches to the ON position for a logic 1. The
least significant bit is the top switch.

21412, Programming

21-13. Programming the system analyzer consists of first addressing the unit as a listener, transferring the control
commands to the unit, and then sending a command termination sequence. To obtain data from the system, the
pertinent control commands are first transferred to the unit and then the unit is addressed as a talker. As a talker the
system outputs onto the bus the data requested by the control commands.

21-14. The bus controller is the central part of the automatic system. The program, consisting of sequences of
analyzer control commands and sequences of controlier instructions for handling the return data, is contained within
the controller. The user must intially write the program so that the desired test sequences and data outputs will be
obtained. The following paragraphs define the instruction set and data formats that can be used to control or will be
returned from the system analyzer. The user must insure that the controller is compatible with the IEEE-488 Standard
bus and that its program is correct for the instruments on the bus.



21-15. Command Structure. Each command consists of a two letter definition prefix followed by a numeric data
field. The data field will vary in length and structure according to the definition prefix as shown in table 21-3. Spaces
may be inserted anywhere in the command but are not required. Each letter or number of a command is transferred
from the bus controller to the analyzer in ASCII format. ASCII defines a 7-bit digital code for each letter, number, and
symbol commonly used in computer programming.

21-16. The first letter of the two letter prefix identifies a command category with the second letter identifying a
particular command within that category. A listing of the command categories and the corresponding first letter is
provided in table 21-2. A complete list of commands is shown in table 21-3.

Table 21-2. Command Categories

Audio Synthesizer

Control

Frequency Counter
Generate/Monitor Control
Keyboard

Modulation

Oscilloscope

Receiver
Voltmeter/Distortion Analyzer
Wattmeter

21-17. The data field is comprised of five sub-fields as shown:

S<TOZTXOTMO>

? n.n E + ?
|
DATA SIGN EXPONENT EXPONENT MAGNITUDE
DATA VALUE EXPONENT SIGN

Data limits and accompanying units are given in table 21-3. The data field is optional or not allowed for certain
commands.

21-18. Data Sign. The data signis a single ‘+ ' or ‘— ' character indicating the sign of the data value. The sign may
be omitted for positive value data.

21-19. Data Value. The data value field is restricted to the numbers ‘0’ through ‘9" and *.". A maximum of five digits
to the right and to the left of the decimal point are allowed. The decimal point can be omitted for integer values. If the
value field is omitted, it is assumed to be zero.

21-20. Exponent. The presence of the “'E'' character in the exponent field indicates that the data value is to be
multiplied by 10 raised to the power following the “‘E’* character. If the “E” is omitted the exponent is assumed to be
10° or 1.

21-21. Exponent Sign. The exponent sign is a single + or — character and can be omitted for positive exponent
values.

21-22. Exponent Magnitude. The exponent magnitude is a single character 0 through 9. If the exponent magnitude
is omitted, itis assumed to be zero.
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21-23. The following are examples of correct data fields for the value 12.34:

0.1234E+2 +0.1234 E2 1234 E-2 1234.E-2
+12.34 12.34E +1234 E-2 12.34 EO

21-24. Command Strings. A command string consists of either a single command or multiple commands in
succession with or without embedded spaces. A command string must be terminated with a carriage return and a
line feed character.

21-25. Command Types. Each command is one of three basic types, control selects (C), data entry (D), and output
requests (O). Type information for each command is listed in table 21-3.

21-26. Control Selects. Control select commands select front panel switch settings. Some of these commands do
not require accompanying data, such as toggle switch commands.

21-27. DataEntry. Dataentry commands replace manual entry of data through the keyboard. All of these commands
require data in the data field.

21-28. Output Requests. Output request commands allow data that is normally displayed on the CRT to be
transferred to the controller. Accompanying data is not required with output requests. The data limits and units listed

in table 21-3 for these commands refer to the return data. Output request commands cause the analyzer to go to the

proper display, function, and mode to acquire the designated reading. These states are listed in table 21-3. The

measurement however, is not made until a trigger command ‘T' has been sent from the controller. The trigger command

causes the measurement to be made and the data held for transmission to the controller. Then when the controlier

addresses the analyzer as a talker the data is output to the controller. A reading can be retaken for any number of

triggers without repeating the output request. The request is lost however, when any command changing the display,

function, or mode is sent.

21-29. Trigger Command. The trigger command is the exception to the two character command prefix. This
command is simply the letter ‘'T' usually sent immediately following the output request command. If no output request
is pending, the trigger command is ignored.

21-30. Return Data. The data returned from the analyzer is formatted similar to the control data as shown.

— + _—n _~E il
DATA SIGN DATA VALUE EXPONENT SIGN EXPONENT MAGNITUDE

The data is always returned in this format with a single exception. Data for the “RP"", signal present, command is
returned as a single digit having a value of ‘0" or “1"".

21-32. Data Value. The data value is 1 to 5 digits in length with leading zero suppression and no decimal point.

21-33. Exponent and Exponent Sign. The letter ‘E’ followed by a ‘—' character is always transmitted with return
data.

21-7



21-34. Exponent Magnitude. The exponent magnitude is a single digit with a value from 0 to 9. The digt indicates
the negative power of ten that is to be multiplied with the data value to obtain the units listed in table 21.3,

21-35. i Table 21-3 ists tem anal
The table identifies the category and type of command. the data limits and units, the command function, and any
display. function. or mode change that would occur.

21-36. Terminal Mode. When the command ‘CD12' is used, the system terminal mode is enabled. The terminal
mode allows the analyzer's CRT display and keyboard to perform as a limited function I/0 terminal, Possible uses for
the terminal mode would be to provide test instructions to a test operator at an auto test station.

21-37. Display Format.  Once the 'CD12 been sent . Al further
ASCIl valid characters sent from the controller will appear on the CRT display. The total dispiay area on the CRT is
15 lines of 30 characters each. Character entry on the CRT is on the bottom line. Each line feed character causes the
bottom line to move up one place. If more than 30 lines are entered, the top lines are lost off the top of the dispiay. A
ist of valid ASCIl characters for the display is provided in table 21-4. Allinvalid characters are ignored in the terminal
mode.

21-38  Keyboard Entry. In the terminal mode the keyboards on the analyzer may be used to input data to the bus
Ci

controller. The keys and y A
1o the number on the key for the numeric keys. For the left cursor key, carriage retur and line feed characters are
The key causes abus Qe to of the operating mode. This key

could be used to halt an automatic test sequence

21-39.  The remaining pushbuttons are defined, prior to entering the terminal mode, with the use of the keyboad
control commands listed in table 21-3. Each key is assigned an ASCII character by following the Kn command prefix
with the decimal equivalent of the binary ASCII code for that character. Alst of valid ASCIl characters and their binary
and decimal equivalents are listed in table 21-4

21-40.  Data that is entered from the keyboard is stored in a 9 character buffer until addressed by the bus controlier.
If more than 9 keypresses occur before the controller accesses the analyzer, the excess inputs are lost. Once the
controller has addressed the analyzer, the analyzer transmits the character data to the controller. The analyzer will
continue to transmit, or hoid up the bus handshake if no keys have been pressed, until the left cursor key is pressed.
Thus every data string entry from the keyboard must terminate with the left cursor key. As the data is transmitted to
the controller it is also entered onto the CRT display.

21-41.  Terminal Mode. Exit. An ASCII end of transmission character (EOT) sent from the controller will terminate
the terminal mode. When the mode is terminated the analyzer retums to the Gen/Mon Mitr display, and is ready to
accept new command inputs.

21-42. Error Me: . Eror messages are generated by the analyzer to help the programmer troubleshoot his.
program. As control commands are received by the analyzer, they are decoded 1o determine the command sent, If
the analyzer is unable to decode the command it generates an error mes: and ignores all succeeding commands.
To clear the error condition the bus controlier must address the analyzer as a talker so that the error message will be
transferred to the controller.

218

2143 The format of the erorr message is:
ERROR m (CRYLF)

- line feed (LF)
The two digit number nin defines the error condition as listed in table 21-5. The carriage return (CR) and
characlevsgare the termination sequence used by analyzer whenever it transmits information. All characters are ASC
1l coded.

Table 21-5. Error Messages

Error Code | Condition
00 Data requested without trigger
01 l Invalid mnemonic prefix
02 One character mnemonic (not T)
03 Invalid mnemonic suffix
04 Exponent overflow
05 Data underfiow
08 Data overflow
07 Data transmitted, not allowed
08 Invalid data
09 RF input power exceeded
10 Level or mod control error
21.44 the error y of the analyzer itis necessary to address the unit as a talker

the error
after the transmission of each command string. The bus controller must then be programmed to recognize
message and to decode the error number. A successful data transmission will send back an error code 00 when
addressed as a talker, The controller should be programmed to ignore error 00 and to display any other error to the
operator. Of course if a valid output command followed by the trigger command was sent, the talker address will
result in the requested data being output 1o the controller.

rate a service request
21-45. Service Requests. There are only two conditions that will cause the analyzer to gener:

(SRQ) on the bus. If a SRQ is generated it must be Cleared by a serial poll of the analyzer. The serial poll is a bus
command which results in a data byte being sent to the controler from the analyzer. The data byte indicates the cause
of the SRQ. Table 21-6 lists the SRQ causes and the corresponding serial poll data.

Table 21-6. SRQ Data

Return Data
(Gonaniod Binary HEX DEC
Depressing Cursor 01000001 41 65
Down Key
RF load over 01000010 42 66

2110
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Table 21-4. Terminal Mode ASC Il Characters Printable Characters

Equivalent Equivalent
ASCII
Binary Hex Dec Char. Binary Hex Dec
00100000 20 32 @ 01000000 40 64
| 00100001 21 33 A 01000001 41 65
; 00100010 22 34 B8 01000010 42 66
I3 00100011 23 35 c 01000011 43 67
] 00100100 24 36 D 01000100 44 68
- 00100101 25 37 E 01000101 45 69
00100110 26 38 F 01000110 46 70
00100111 27 39 G 01000111 47 7
( 00101000 28 40 H 01001000 48 72
) 00101001 29 41 [ 01001001 49 73
4 00101010 2A 42 J 01001010 4A 74
+ 00101011 28 43 K 01001011 48 75
¢ 00101100 2 44 L 01001100 4ac 76
00101101 20 45 M 01001101 4 7
00101110 2 46 N 01001110 4E 78
/ 00101111 2F a7 o 01001111 4F 79
[ 00110000 30 48 P 01010000 50 80
1 00110001 31 49 Q 01010001 51 81
2 00110010 32 50 R 01010010 52 82
3 00110011 33 51 s 01010011 53 83
4 00110100 34 52 T 01010100 54 84
5 00110101 35 53 u 01010101 55
6 00110110 36 54 v 01010110 56 86
7 00110111 a7 55 w 01010111 57 87
8 00111000 38 56 X 01011000 58 88
9 00111001 39 57 Y 01011001 59 89
: 00111010 3A 58 z 01011010 5A 90
00111011 8 59 i 01011011 58 91
00111100 ac 60 01011100 5C 92
- 00111101 30 61 01011101 5D 93
00111110 3E 62 01011110 5E 9
? 00111111 3F 63 - 01011111 SF 95
NON-PRINTING CHARACTERS
it
ASCII
Char. Binary Hex Dec
EOT* 00000100 04 4
BELL 00000111 o7 7
BSP 00001000 08 8
F 00001010 0A 10
CR 00001101 0 13
“causes exit from terminal mode

219

Programing Considerations. The flexibility of the IEEE-488 option is reflected in the number of
o ly and efficiently, certain programming practices should be followed.
ﬂ owing i for effective

#1471 Genersl Overalt, yzer invol T ing it manually.
A #gram oan be fairty easily obtained by first performing the desired test sequence manually noting each time
# 41N Is ohanged and a reading made. The program is then simply a duplication of the manual steps with control
HOmmands substituted.

present the major

#1480 Qenerate Mode. For accurate level control it is best to specify the generate frequency prior to the RF output
fovel, For exa . the command string:

mhe CGGFIOOGLS
#ela the generate mode, a frequency of 100 MHz and an output level of +5 dBm.

#1480 Code Synthesizer. Before enabling the ouptut of the code synthesizer with an MS, ME, or MK command,
Wl the necessary parameters must first be defined. Table 21-7 lists the modes and their contolied parameters that
wed (0 be defined. It do time a mode Is selected,

only when they are to be changed for that mode.

2160, Always select a tone mode before selecting a tone sequence ie: command an AM before AS as in AM4
ABS for *Bel. V, EEA” sequence.

#1:81 Both sequence 3 and sequence 4 in tone mode 1 (A/B) are user selectable. This means that the A/B User's
from Table 21-7 could also read A/B User Sequence AM1AS4AXIAY1AZ1MM2MS3MM4.

2162 When selecting AM3 (mabile telephone sequence) it is not possible to modify the frequency of the tones.
Wwith the AA or AB commands. The frequency of the tone can only be changed through manual entry. When the
analyzer s powered up, the frequency of the tone is whatever was last entered manually and retained in the non-
volatile memory.

21:60. To et up a code synthesizer level (AM depth or FM deviation) with the MS command it is necessary to
first moloct tone A or tone B (MM2 or MM3). Therefore, always request MM2 or MM3 before setting up a level with
the MS command. If a tone sequence is desired, follow the MS command with an MM4 or MMS.

Table 21.7 Code Synthesizer Programming Considerations

~ Ouput Command String Effect

DM Code CFOAD131MMOMS3 FM, DPL Code 131, 3 kHz FM

DM Inverted Code CFAD313MM1MS5S FM, DPL Code 313, 5 kHz FM

M Code CF2APB0 SMMMS30 AM, PL60.S Hz. 30% AM

Toe A CFAAZE3MM2MS3 FM, 2000 Hz. 3 kHz FM

Tone 0 CFAB2000MM3MS3 FM, 2000 Hz, 3 kHz FM

Tone Remote ] CFAA1 5E3AB300AM 1MM2MS3MMS FM. Mode 1. A= 1500 Hz. B=300 Hz, 3 kHz FM

A tandard Sequence CFAM1AS1AA1E3AB2E3MM2MS3MMS FM, Mode 1, seq. 1, A=1 kHz, B=2 kHz, 3 kHz FM

M II!I lllqullbcl! AM1, AS3AX1AY1AZIMM2MS3MM4 sec. on/off times, 3 kHz FM
AM2AS2AF1-23456MM2MS3MM4 Preamble & 6 tones, 3 kHz FM
AM3AS2ATE200389MM2MSSMM4 Preamble & 7 digits, 5 kHz FM
AM4AS4AVIB765MMMSSMM4 5 tones. 5 kHz FM

21-11



21.54  Modulation. i capable of 1

ME, MK, and MS only affect their indi tput.

modulation source enabled it is recommended that all three source values be defined together. For example:
CFMKMSME20

selects the FM mode, di 1kHz iati
input. The external input must be applied to the -nnmer prior to sendmg m mmand

21-55.  For the generate AM mode the frequency and output level must be defined prior to selecting the modulation
level. The following command string is of the proper sequence to obtain 30% AM at 100 Mz with a level of — 100 dBm:
CGGF100GL-100MEMSMK30

21-56.  The bandwidth control commands, RN and RW, range the generate FM modulator sensitivity. For greater
resolution and faster set up time for deviations less than 20 kHz use the narrowband ‘RN’ command. Above 20 kHz
deviation the wideband 'RW command must be used.

2157 Either upper or lower case letters can be used in programming the analyzer. In the terminal mode, lower
case letters will appear as upper case letters on the CRT screen.
21.58. Measurements. To obtain correct monitor mode data i is necessary o first et the fraquency, bandwidth,
and image prior to making the reading. Thus, nnsagooupmmmmmaysummmmmwwmmm
last command in the string. For example the command string:

CMRNRHGF95.5RET
selects the monitor mode, narrowband, high image, and 95.5 MHz center frequency. The ‘RET' command asks for
a frequency error reading and triggers the analyzer so that the reading will be made.

21-59. R2002C Analyzer Configuration
The R2002C analyzer differs in configuration from the standard R2001C in the following manner.

A11Module: The manual attenuator AT1 is replaced with a ion. A new
connected to the A8 module provides control signals for the attenuator.

A9 Module: ~Additional memory for the IEEE program is added by adding U8,

Front Panel Assembly A14: Rotary switch $19 is added for control of the RF InputOutput level.

Module A8 is added to the analyzer (see Section 14 for details). Ribbon cable assembly is added from the A8
module to the rear panel of the analyzer to provide I/O signals.

For conversion of R2001C to R2002C, contact your local area test equipment sales office.
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Addendus to Section 21 68-81069A99-0

The ftems that require clarification relate to the code synthesizer functions
and wmodify paragraphs 21-48 thru 21-50 as follows:

1. Alwvays select a tone mode before selecting a tone sequence, i.e: select
an AM before selecting AS (table 21-7, last five examples are in error)

2. Use AS3 or AS4 to select A/B delay (AW, AX, AY, AZ). AS5 is no longer
available (table 21-7, last example is in error).

3. To set up a code synthesizer level (AM depth or FM deviation) with the MS
command it is mecessary to select tone A or tone B first (MM2 or MM3).
Therefore, always request MM2 or MM3 before setting up a level with the MS
command. If a tone sequence is desired, follow the MS command with an MM4
or MM5.

4. When selecting AM3 (mobile telephone sequence) it is not possible to modify
the frequency of the tones with the AA or AB commands. The frequency of the
tone can only be changed through manual entry. When the analyzer is powered
up, the frequency of the tone is whatever was last entered manually and
retained in the non-volatile memory.

5. The analyzer now recognizes lower case letters in terminal mode and in
commands.

6. The following chart is enclosed to clarify the various functions available
with the new code synthesizer.
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HT-T2

MS MK ME
SYNTHESIZER IKHZ EXTERNAL
LEVEL LEVEL LEVEL
MM=0 MM=1 MM=2 MM=3 MM=4 MM=5
PL/DPL| | PL/DPL INV| |TONE A TONE B TONE A/B | | TONE REMOTE
AP AD AA AB
PL FREQUENCY| |DPL CODE TONE A TONE B
FREQUENCY| [FREQUENCY
v W L 4 J! v
) A/B MODE A
AM=1 AM=2 AM=3 AM=4
A/B 5/6 MOBIL TEL SEL V
A/B SEQUENCE 5 or 6 IMTS /MTS /2805 SEL V
As=1| | As=2 AS=3 AS=4 AS=1 AS=2 AS=1 AS=2 AS=3 AS=1 AS=2 AS=3 AS=4 AS=5
TONE TONE USER USER | | 5 TONE| |6 TONE| | IMTS MTS 2805 ZVEI Mod. CCIR CCIR
& VOICE | ZVEL 70ms l 100ms EEA
A/B DELAY ,F L—— l_._____l T I I l J
W
AW AX AY AZ AF AT AV
A ON||A OFF|{B ON||B OFF 5/6 TELEPHONE SEL V
NUMBER NUMBER NUMBER
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MOTOROLA INC.

Communications
Group

MOTOROLA BATTERY PACK

MODEL RTP-1002A

1. DESCRIPTION

The RTP-1002A is a battery pack and charger
designed to be mounted to the back of the R-2001 Com-
munications System Analyzer. The unit contains battery
capacity to operate the R-2001 for approximately one
hour. A constant current charging system is capable of
recharging the batteries in 16 hours.

2. OPERATION

2.1 The RTP-1002A Battery Pack is automatically

engaged when no ac power is present, and the
power switch is either in the ON or STANDBY posi-
tions. When ac power is applied, the R-2001 auto-
matically switches the RTP-1002A Battery Pack out of
the circuit and draws its power from the ac power
source.

2.2 When the power switch is in the OFF or STAND-

BY position and ac power is applied to the
R-2001, the RTP-1002A Battery Pack draws dc¢ current
from the R-2001 (0 activate the charging circuit, The
charging circuit delivers approximately 750 mA of cur-
rent until the battery voltage reaches 14 volts. As the

battery voltage reaches 14 volts, the current drops to ap-
proximately 25 mA and the high-charge indicator LED
extinguishes.

2.3 When the R-2001 systems analyzer is used with the

RTP-1002A Battery Pack, it is recommended to
keep the power switch in the STANDBY position
whenever possible. This extends the time the battery is
able to operate the R-2001 Communications System
Analyzer. The low trickle charge rate enables the bat-
teries to be left on charge indefinitely without damage
due to overcharging.

CAUTION

Do NOT permit battery discharge below
10.4 V dc as indicated on CRT in DVM
display mode; immediately turn unit
“OFF’. Allowing battery discharge
below this level may result in permanent
damage to the battery. The R-2001 should
be plugged into ac power (117/234 V ac)
with the power switch in ““OFF" or
“STANDBY"' position to recharge the
batteries.

HIGH CHARGE
INGICATOR LED

RTP-10024
BATTERY PACK

———  R2001A
COMMUNICATIONS
SYSTEM ANAL YZER

FaErs-29872-0
a3

RTP-1002A Battery Pack Mounting Detail

Motorola, Inc. 1981
All Rights Reserved
Printed in U.S.A.

68P81122E59-B
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RTP-1002A Battery Pack

Schematic Diagram, Circuit Board Detail,
Parts Location Detail, and Parts List
Motorola No. PEPS-29554-4

(Sheet 1 of 2)
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